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3ABSTRACT
The 23S rRNA gene sequence from the rickettsial bacterium Wolbachia was determined 
to further resolve the origin of the endocymbiont that gave rise to the mitochondrion. 
Wolbachia belongs to the alpha subdivision of the Proteobacteria • the group that the 
mitochondrion originated from. The Y/olbachia 23S rRNA gene is compared with that of 
other eubncteria and plant mitochondria to generate a phylogenetic tree. This tree shows 
Wolbachia to be the mitochondrion's closest evolutionary ancestor based on 23S rRNA gene 
homology.
4INTRODUCTION
There is much speculation concerning the ing in  of mitochondria. Mitochondria are the 
respiratory organelles found in eukaryotic cells. They are semi-autonomous, retaining their own 
distinctive genome thet is replicated and expressed independently of the cell's nuclear genome 
(Gray 1989). Mitochondria possess many traits similar to bacteria. Mitochondrial information 
storage and processing systems are typically bacterial (Woese 1977). There is also a close 
similarity between the ultrastructure of alpha-Proteobacteria and mitochondria, consisting of two 
bounding membranes, DNA, and ribosomes. In addition, die detailed organization o f the 
respiratory chain and inner membrane proteins in mitochondria resemble the corresponding 
membranes of alpha-Proteobacteria (Cavalier-Smith 1992).
Proteobacteria describes a diverse but related group of gram negative bacteria often referred to 
as the purple bacteria. It includes many of the phylogenetic relatives of the purple non-sulfur 
photosynthetic bacteria and many non-photosynthetic endosymbionts of eukaryotic cells (Woese 
1987). This grouping was derived from the; study of rRNA sequences. It can be further divided 
into four subdivisions • the alpha, beta, gamma, and delta groups (Stackebrandt et at. 1988).
The alpha subdivision is specifically of interest because it contains the mitochondrial 
endosymbiont.
In 1883, the scientific idea that cell organelles came from symbiotic associations was first 
proposed by Schimper (Margulis 1993). Symbiosis is the invasion of a prokaryote into a larger 
host cell in which endosymbiotic relations develop leading to the eventual evolution o f the 
eukaryotic cell containing mitochondria and other organelles. In 1918, P. Porticr elaborated on
the idea of symbiosis by stating, "All living beings, from tuneoba to man.... are formed by an
association, an engulfing of two different beings. Each living cell encloses in its cytoplasm
sbodies that cytologists designate by the name 'mitochondria'. These organelles are not anything 
other than symbiotic bacteria, so that I call them 'symbionts'." (Margulis 1993). In 1927, Wallin 
further suggested that mitochondria inside plant and animal cells are able to divide because they 
are of bacterial origin. He believed mitochondria gready resembled bacteria. However, Wallin's 
downfall came when he claimed to grow mitochondria outside of cells. He was accused of 
careless technique because this cannot be done (Margulis 1993).
Since the early 1900's, much research has been done to support the theory of endosymbiosis 
and the origin of mitochondria. The symbiotic origin of mitochondria is accepted for the 
following reasons: the close resemblance between organelles and the potential symbiotic 
ancestors makes conversion of symbiont to organelle genetically possible and a potential host has 
been identified that lacks the organelle but would have an advantage by acquiring it through 
endosymbiosis (Cavalier-Smith 1992). The eukaryotic kingdom Archezoa has been recognized 
as a plausible host that can take up bacteria through phagocytosis. Archezoa lack the ability to 
make ATP by aerobic respiration so it would be advantageous for Archezoa to engulf aerobic 
bacteria and convert them to mitochondria (Cavalier-Smith 1992). Consequently, it is believed 
that die mitochondrion evolved from a symbiotic alpha-proteobacterium in an Archezoan host.
Arguments for and against multiple origins of mitochondria have been made. The vast 
structural diversity of mitochondria suggests a polyphyletic origin of the mitochondrial genome. 
Yet, the basic function and structure of mitochondrial DNA is the same in all eukaryotes which 
advocates a monophyletic origin. The monophyletic origin seems most logical because the 
mitochondria have much of the su re  genetic information (Cavalier-Smith 1992). H ie structural 
diversity seen in mitochondria could be the result of mutations and the process of evolution. 
Mitochondria co-evolved vigorously with their respective nucleocytoplasm leading to much 
diversity (Margulis 1993).
6Genetic nucleotide sequences reveal much evolutionary information concerning genealogical 
relations among different organisms, measurement of evolutionary time, and record of ancestral 
characteristics (Woese 1981). Since ribosomal RNA molecules have remained constant in 
function over great evolutionary distances and some portions of the nucleotide sequence have 
been conserved, rRNA sequences make it possible to construct phylogenetic trees that reveal the 
evolutionary descent of mitochondrial genomes. Genes for rRNA's are the only genes encoded 
by all organellar genomes as well as by nuclear and prokaryotic genomes. Therefore, 
mitochondria contain their own ribosomal RNA genes that can be compared to prokaryotic rRNA 
genes to determine genetic relatedness (Gray 1989). There are three kinds of ribosomal RNA 
molecules in prokaryotes: large 23S, small 16S, and very small 5S rRNA subunits. There are 
also three !dnds of rRNA subunits in plant mitochondria: 26S, 18S, and 5S (Villanueva et al. 
1983).
Comparative analysis of the cytochrome c gene has also been used to determine phylogenetic 
relations between mitochondria and prokaryotes. However, it is not as reliable as rRNA gene 
sequence analyses because the mitochondrial cytochrome c gene is located in the eukaryotic 
nucleus, not in die mitochondrial genome, which makes the assumption that cytochrome c 
genealogy represents mitochondrial genealogy somewhat questionable (Yang et al. 1983).
The nucleotide sequences of small rRNA genes from mitochondria of eubacteria, yeast, man, 
and mouse have been compared to sequences from E. coil, and the nuclei of yeast and animals. 
Through sequence analyses it was initially thought that plant and animal mitochondria evolved 
from independent bacterial origins (Kuntzel et al. 1981). In fact, inclusion of animal 
mitochondria in die same phylogenetic tree exaggerates systematic enors in die tree inference 
methodology because of widely varying evolutionary rates (Yang etal. 1983).
7Plant mitochondrial DNA diverge* in sequence at an extremely slow rate • apparent in 
comparisons of protein coding and rRNA genes (Gray 1989). Plant mitochondria evolved 
rapidly in structure, but slowly in sequence. Consequently, the plant mitochondrial rRNA's are 
highly conserved in primary sequence and still share a great deal o f homology with their 
evolutionary ancestors which allows their origin to be determined. Therefore, it appears 
reasonable to conclude that mitochondria had a single origin, but that animal and protist 
mitochondria have diverged more rapidly than have plant mitochondria (Cavalier-Smith 1992). 
Accordingly the plant mitochondrial rRNA’s are most easily aligned with those of bacteria.
The mitochondrion was believed to evolve from a respiring bacterium (Woese 1981). 
Comparative 16S rRNA gene sequence analyses between various strains of respiring bacteria and 
the 18S rRNA gene of plant mitochondria have revealed that a group of microorganisms - 
specifically the alpha subdivision of the Proteobacteria - are most closely related to plant 
mitochondria (Yang et al. 1983).
5S rRNA gene sequences further confirm the 16S rRNA gene studies. A greater degree of 
overall sequence homology is found between the 5S rRNA of plant mitochondria (from wheat, 
maize, and soybean) and the 3S rRNA's of the alpha-Proteobacteria than with the 5S rRNA's of 
the beta or gamma-Proteobacteria, or other gram negative eubactcria (Villanueva et al. 1983).
The origin of plant mitochondria has therefore been narrowed down to the alpha- 
Proteobacteria (Yang et al. 1983). However, no one knows exactly which bacterium gave 
rise to the mitochondrion. As part of a study leading to the phylogenetic placement of 
Wolbochia in the alpha-Proteobacteria, and specifically with the rickettsia (O’Neill et al.
1992), using 16S rRNA, H. M. Robertson (pen. comm.) noticed a close relationship of the 
plant mitochondrial 18S rRNA gene to the 16S rRNA gene of the rickettsia. This 
relationship has also been noticed by O. J. Olsen and C  R. Woese (pen. comm.).
8Wolbachia i t  an cndocymbiont of insects, first discovered in certain mosquitoes, but now 
widely known from •  diversity of insect* (O’Neill t t  al. 1992). Wolbachia group with the 
rickettsias which include endosymbiotic, obligate intracellular parasites. They are of a 
fastidious nature and cannot be grown in culture outside of the insect host (O'Neill et al, 
1992). Wolbachia are transmitted transovarially - the host germ tissue becomes infected and 
the infection is transmitted to the next generation via the egg (Woese 1981). As a result, 
Wolbachia DNA had to be extracted from the eggs of infected Drosophila. 23S rRNA 
primers specific to eubacteria were used to selectively amplify, done, and sequence i  23S 
rRNA genes from Wolbachia. The 23S rRNA gene sequence was then used for 
phylogenetic comparison with that of other eubacteria and the 26S rRNA gene of plant 
mitochondria to determine if Wolbachia is the closest bacterial ancestor of the mitochondrion.
9MATERIALS AND METHODS
Unfertilized eggs were collected from the Drosophila simulans Riverside strain which has 
a high level of Wdbachia infection (O’Neill et al. 1992). I used eggs to avoid contamination 
with intestinal bacteria, and unfertilized eggs to avoid the host DHA. The Woibarhia DNA 
was extracted from the unfertilized eggs. The eggs were thoroughly ground up in 0.5 ml 4:1 
Drosophila homogenization buffer and phage lysis buffer (DJLB. is 0.1M NaCl, 0.2M 
sucrose, 0.01 M EDTA and 0.03M Tiis; P.L.B. is 0.25M EDTA, 0.5M Trii and 2.5% SDS) 
followed by incubation at 65°C for 30 minutes. 20pl 5M KAc was added and the mixture 
was incubated on ice for 30 minutes. It was then centrifuged for 10 minutes. 2pl 20mg/ml 
Proteinase K was added to the supernatant and digested at 37°C for 30 minutes. An equal 
volume of Tris-equilibrated phenol was added, mixed, and spun for 5 minutes at room 
temperature. The upper aqueous phase was pipetted off and the procedure was repeated 
using an equal volume of ChC13:Phenol and ChC13. l.OpJ of 10 mg/ml RNase was added 
and incubated at 37°C for 30 minutes. 2X volume of 20°C ethanol was added, incubated for 
30 minutes at -20°C, and then spun for 15 minutes. The supernatant was discarded and the 
pellet was air dried for 30 minutes. The pellet was resuspended in 25pl TE (the 
concentration of DNA was about 100ng-l^g/^l) and a 0.1X dilution was made with TE for 
polymerase chain reactions.
The 23S gene was amplified from this DNA using the polymerase chain reaction, lp l of 
the 0.1X dilution of iheWoibachia DNA was used as die template in PCR reactions. PCR 
conditions included 2.5mM MgC12, all four dNTP's (at lOOftM), 20mM primer 
concentration, Promega Taq buffer and Promega Taq DNA polymerase (0.5 units) in 50pl 
reactions. A temperature profile of 95 °C for 1 minute, 40 °C for 1 minute, and 75 °C for 1
10
minute w u  used for 40 cycles. Initial attenqits to amplify the entire 23S rRNA gene using 
primen at either end that are conserved in most gram negative bacteria failed, and I eventually 
obtained most of die gene using three sets of primen shown in Figure 1 (die 3’ terminal 
region from 2576R onwards was not successfully amplified with our current primen). The 
primen are named fc* their orientation with respect to the rRNA, and die number in the E. 




Figure 1. Positions of 23S rRNA PCR primen.
The first section was amplified with 38F (S’-RYW-YOGTOGATGCCTWOOCA) and 
572R (S’-AAOTCOYTOACCCATTATAC). This 38F primer w u  designed by H . M . 
Robertson from comparisons of 23S rRNA genu of gram negative bacteria, while the 572R 
primer is a universal bacterial primer. The next section w u  amplified with 481F(->’- 
TGAGGGAAAGOTOAAAAG) and 1941R (S’-AACITACXXXJGCAAGG). The last 
section I sequenced w u  amplified with 1937F (5 ’ -TCTTAAGGTAGCGAA) and 2576R (5’- 
(K3TCTAAACCCAGCTC). 4tilF, 1941R, 1937F, and 2576R are gram negative specific 
primen tha' were duigned by C.R. Woese. These primen amplified different regions of the 
23S rRNA gene from the Wolbachia DNA.
Two controls were run following the procedure of O'Neill el al. (1992). The first w u  a 
PCR using insect mitochondrial specific small subunit rRNA primers (known u  12SAI and 
12SBI) to show that the DNA extraction w u  good (the eggs would have contained many
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Drosophila mitochondria). The second was a PCR using 16S iRNA primers specific to the 
Wolbachia sequence (99F and 994R) to show that there was a lot of Wolbachia DNA in the 
DNA preparation.
PCR products were run on a 1% NuSieve agarose gel for lh r at 84V with EtBr and 
visualized with UV. The DNA bands were cut out of the gel and briefly spun. 2X volume 
of TE was added. The gel was melted at 65°C for 5 min, frozen at -70°C overnight, thawed 
at 37°C briefly, vortexed hard, and spun for 15 min at 4°C to remove the agarose. 1/10 v d  
3MNaAc and 2X vol-20"C EtOH were added to the supernatant It was incubated at -20°C 
for 13 min to precipitate the DNA and spun at 4°C tor 13 min. The pellet was dried and 
resuspended in 30pJ TE. The PCR products were ligated directly into the pcDNAII plasmid 
vector from In Vitrogen which had been tailed with ddT (Holton et al. 1991). This procedure 
for cloning of PCR predicts takes advantage of the propensity o f Taq polymerase to attach a 
single A to the 3’ ends of PCR products.
E. coli XL 1-Blue cells were transformed with the recombinant plasmids using 
electroporation. The transformed colonies were selected using medium containing X-gal, 
upon which they are white since the insert interrupts the LacZ gene. The plasmid vector 
DNA from white colonies was extracted using Magic Minipreps from Promega. To check 
the size of the inserts, this miniprepped plasmid DNA was cut with HindSl and Xhol, wiiich 
cut in the flanking polylinker of the plasmid and therefore release the insert This digestion 
was run on 0.73% agarose gels for lh r at 84V with EtBr and visualized with UV.
A single clone containing each specific region of the 23S rDNA gene was sequenced as a 
double-stranded plasmid using Scquenase Version 2.0. The sequencing primers were 
flanking plasmid primers (T7, sp6, P st!, and Xbo 1) as well as internal rRNA primers from 
C. R. Woese that are conserved in bacterial 23S rRNA (481F, 372R, 791F, 1073F, 1312F,
12
1388R, 1600R, 168SR, and 1941R). The sequencing reactions were run on 8% 
polyacrylamide gels for 3 hours at 1800V to obtain the first ±200 bases, and on 6% 
polyacrylamide gels for 12 hours at 1600 V to obtain the next ±200 bases. The gels were 
dried, exposed to X-ray film for 24 hours, and the autoradiographs read manually into a 
DNA text editor.
The Wolbachia sequence was manually aligned with the preexisting alignment of 
sequences o f the 23S rRNA genes of other eubacteria provided by the Ribosomal Database 
Project (RDP) (Olsen et al. 1991). The use of only a single clone for each region means that 
there are likely to be some PCR errors, however these are relatively rare (1/1000) using my 
conditions (Robertson 1993), so it should not make much difference to the phylogenetic 
analysis.
The phylogenetic analysis was performed using PAUP (Phylogenetic Analysis Using 
Parsimony) version 3.0 for the Macintosh (Swafford 1991). Because there were more than 
ten sequences in the analysis, an Exhaustive search could not be employed, so the Heuristic 
algorithm was used. Random addition of sequences was employed in ten separate 
replications using tree bifurcation to test rearrangements,. nd each yielded the same single 
most parsimonious tree. The nucleotide changes were not weighted with respect to 




When Yang et al. 1983 used 16S rRNA sequences to place the plant mitochondria in the 
alpha-Proteobacteria (then the alpha-purple bacteria), they had sequenced the 16S rRNA gene 
from the first representative from that group, Agrobacterium tumefasciens. There are 
currently well over fifty 16S rRNA sequences from this group available in GenBank. A 
representative aligned sample is available from the RDP, and the plant mitochondrial small 
subunit 18S rRNA sequences from wheat and soybean were aligned with these manually 
using the same alignment as Yang et al. (1983), with exclusion of two large insertions in the 
plant mitochondrial sequences relative to those from bacteria. Phylogenetic analysis of these 
using PAUP yielded the single most parsimonious tree in Figure 2. The numbers indicate the 
number of nucleotide changes necessary for each branch. The tree is rooted using the 
Escherichia coti sequence as an outgroup. Although the plant mitochondrial genes have 
undergone considerable changes since splitting from the bacteria, they clearly group with the 
Rickettsia and their relatives, including Wolbachia. The remainder of the alpha-Proteobacteria 
form a separate grouping, which includes the genus Rhodobacter, the only species for which 
23S rRNA sequences are available.
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The Wolbachia 23S rRNA sequence from E.coli base 39 to 2575 is shown in Figure 3. 
The bases in lower case have not yet been determined with certainty. They have only been 
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Figure 3. Nucleotide sequence of the Wolbachia 23S rRNA gene.
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The alignment of the Wolbachia 23S rRNA sequence with thos* of the other bacteria 
available in RDP is shown in the appendix. The Wolbachia sequence aligns well with the 
only other sequences available from members of the alpha-Proteobactcria, Rhodobacter 
sphaeroides and R. capsulatus (Dryden et al. 1990; Regensbuiger et al. 1988).
Three plant mitochondrial large subunit (26S) rRNA sequences are available in GenBank, 
those from Zea mays (Dale et al. 1984), Triticum aestivum (Spencer et al. 1992) and 
Oenothera berteriana (Manna et al. 1983). Alignment of these plant mitochondrial sequences 
with those of the bacteria was relatively straightforward. There are several small length 
differences, as well as two large insertions in the mitochondrial sequences relative to the 
bacterial, sequences of 130-200 bases near position 270 in the E. coli sequence and 300-600 
bases near position 1430 in the E. coli sequence. These regions are also variable in length 
between the gram negative and gram positive bacteria and are apparently regions that can 
accommodate insertions of this size. Similar large insertions had to be removed from the 
plant mitochondrial small subunit (18S) rRNA sequences for their alignment with those of 
bacteria (Yang et al. 1983). These insertions also explain the larger Svedberg sedimentation 
coefficients of the plant mitochondrial rRNA’s.
For the phylogenetic analysis using FAUP, all positions in the alignment were employed 
except those corresponding to the two large insertions noted above. A single most 
parsimonious tree of 8041 steps was obtained and is presented in Figure 4. The Thermotoga 
maritime sequence was defined as die outgroup based on its basal position in overall analyses 
of bacterial phytogeny using 16S rRNA (Woese 1987). The numbers above the branches 
indicate the number o f base changes needed to explain that branch. Again the plant 
mitochondria genes have clearly undergone considerable evolution since splitting from the 
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DISCUSSION
There are several reasons to believe that the 23S rRNA sequence described here is indeed 
that of Wolbachia. First, the DNA from which the amplifications were done was extracted 
from unfertilized eggs of highly infected Drosophila simulant females. These eggs are 
known to contain many thousands of Wolbachia (O'Neill et al. 1991), and are unlikely to 
contain large numbers of any other intracellular bacteria. Second, the sequence obtained is 
clearly most easily aligned, and groups phylogenedcally, with the sequences of Rhodobacter 
capsulatus and R. spaeroides, the two alpha-Proteobacteria available for comparison, in 
agreement with the placement of the Wolbachia 16S rRNA. Third, our sequence is almost 
identical to the region from E. coli base 730 to 1030 reported by Roussel tt al. (1992) from a 
Wolbachia-inScctcd isopod. Final demonstration that this sequence indeed originates from 
Wolbachia might be obtained by using PCR primers to unusual Wolbachia-spociGc regions in 
amplifications from infected and uninfected insects.
When the plant mitochondrial 26S rRNA sequences are included in the phylogenetic 
comparison, they clearly group with those of the alpha-Proteobacteria, that is, Rhodobacter 
sp. and Wolbachia sp.. This result amply confirms that of Yang et al (1983) using 16S 
rRNA sequences and Villanueva et al. (1983) using 3S rRNA sequences. The agreement of 
these three studies, using genes that should evolve at least somewhat independently of each 
other, in placing the origin of the plant, and therefore likely all, mitochondria within the 
alpha-Proteobacteria, makes this conclusion almost certain. While comparison of protein­
coding genes would also be desirable, die only attempts to date have used the cytochrome-c 
sequences and have not produced definitive results (Yang et al. 1983).
20
The original impetus for this work was the observation that, on the basis of small subunit 
rRNA sequences within the alpha-Proteobacteria, the plant mitochondria grouped most 
closely with the rickettsia and their relatives, which include Wolbachia. The analysis based 
on the large subunit sequences supports this conclusion, although the only other alpha- 
Proteobacterial sequences available are those of two Rhodobacter species (they nevertheless 
represent the other mqjor lineage in the 16S rRNA analysis). This conclusion is supported 
by a bootstrap analysis that attempts to assess the significance of relationships within the 
phylogenetic tree. More sophisticated analyses involving exclusion of marginally alignaUe 
regions, weighting of positions according to their lability, or involvement in stems, or using 
other methods of analysis such as maximum likelihood and distance methods will eventually 
be carried out once the entire 23SrRNA sequence has been obtained in an effort to evaluate 
the robustness of this conclusion.
The conclusion that rickettsial-type bacteria might have been the ancestors of plant, and 
therefore all, mitochondria is both satisfying and counterintuitive. It is satisfying in that the 
rickettsia are a major group of intracellular parasites that are commonly obligate, and thereby 
superficially resemble mitochondria. It is counterintuitive in that physiologically die rickettsia 
are quite different from mitochondria, having lost any vestige of photosynthetic or respiratory 
electron transport pathways, and have become dependent on a membrane-bound protein that 
scavenges ATP from the host cell (Weiss et al. 1987). It is nevertheless possible that 
rickettsia have lost these abilities since diverging from a common endosymbiont ancestor 
shared with the mitochondria.
21
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The alignment of the Wolbachia 23S sequence and the plant mitochondrial sequences 
with those of representative bacteria from the RDP is presented. Because the RDP alignment 
includes Arehaebacteria and Eukaryotes, there are many alignment gaps that are of no 
significance for this work, but that have no effect on the analysis (all gaps were treated as 

























































? 7 GGTACAAGATCGAAAAGAATGCATT -GGATGGATGCCCGGGCATTGAGA-----AG
???????????????77??????????7??7??????? 77?7 7 77TTAAGA-GGCGAT 
7 7 7 7 7AATCAAGCGCGAGAAGGGCGTT-TGGTGGATGCCTTGGCAGCAAGA-GGCGAT 
7 7 7 7 7 7ATCAAGCGCGAAAAGGGCGTT - TGGTGGATGCCTAGGCAGC AAGA - GGCGAT 
7 7 7 77GGTCAAGCG-AACAAGTGCATG-TGGTGGATGCCTTGGCGATCAC A-GGCGAT 
7 7 7 7 7 GATC AAGCG - AC T AAGTGCAT A - TGGTGGATGCCTT GGCGATCAC A- GGCGAT 
7 7 7 7 7 GGTCAAGTG-AATAAGTGCATC-AGGCGGATGCCTTGGCGATGATA-GGCGAC 
7 7 7 7 ?GGTCAAGTG-AAGAAGCGCATA-CGGTGGATGCCTTGGCAGTCAGA-GGCGAT 
7 7 7 7 7 GGTTAAGTG-AATAAGCGTACA-TGGTGGATGCCTAGGCAATAAGA-GGCGAA 
7 7 7 7 7 GGTTAAGCG-ACTAAGCGTACA-CGGTGGATGCCCTGGCAGTCAGA-GGCGAT 
777NNGGTTAAGTT-ACTAAGGGCGTA-CGGTGGATGCCTTGGCACAAGAA-GGCGAC 
????? 7??????7 N-ACGAAGGGCGCA-TGGGGGATGCC TAGGCTC TCAGA-GGCGAA 
???????????????? 7 7NNNNNCGTA-TGGGGAATGCCTAGGCTCTCAGA-GGCGAA 
7 7 7 7 7GGTTAAGTT-AGAAAGGGCGCA-CGGTGGATGCCTTGGCACTAGGA-GCCGAT 
??????????????????? 7GGGCGCA-CGGTGGATGCCTTGACACTAGGA-GTCGAT 
7 7 7 7 7 GGCAAAGT T-AATAAGGGCGCA-CGGTGGATGCCTTGGCACTAAGA-GCCGAT 
7 7 7 7 7 GG TCAAGTA-AGAAAGGGCGTA-CGGGGGATGCCCGGGCATCAGGA-CGCGAT 
7 7 7 7 7GGCCAAGTT-TTTAAGGGCGCA-CGGTGGATGCCTTGGCACCAGGA-ACCGAT 
7 7 7 7 7GTGAAAGTT-TCCAAGGGCGCA-TGGTGGATGCCTTGGCAACAGGA-GCCGAA 
7 7 7 7 7AAGTAAGTG-CCTAAGGGCGCA-TGGTGGATGCCTTGGCATCGAGA-GCCGAT 
7 7 7 7 7GGCCAAGTT-ATTAAGGGCGCA-CGGTGGATGCCTTGGCACCAGGA-GCCGAT 

















GAAG - GACGTGGT - TTAAC - TGCGAAAAGC TGCGGGGAGGCG - - TAAACAGCC- TNAT 
GAAG-GACGTGAT--AAGC-TGCGAAAAGCTGCGGGGATTGG--CACATACGA-ATTG 
GAAG-GACGTGAT- -AAGC-TGCGAAAAGCTACGGGNNTTGG- -CACACACGA-GTTG 
GAAG-GACGGGAC--GAAC-ACCGATATGCTTCGGGGAGCTG--T -AGCAAGC-TTTG 
GAAG-GACGGGAC- -TAAC-GCCGATATGCTTCGGGGAGCTG- -TAAGTAAGC-TTTG 
GAAG-GACGTGAC- - TAAC - GACGATATTCTAGGGGGAGCAG - - TAAGTACGC - ATTG 
GAAG-GACGTGGC--TTTC-TGCGATAAGCAACGGGGAGTTG--TAAGCAAGC-ATTG 
GAAG- GACGTGGG - - AGGC - CACGAT AGTCCCCGGGGAGCTG - TC AACC AAGC - TTTG 
GAAG-GACGTGGG--AATC-TGCGATAAGCCTGGTGGAGTCG--ATACCGGAC-GTTG 
GAAG- GACGTGGG - - AGGC - TGCGAT ATGCCTCGGGGAGCTG - TCAACCGAGC - GTGG 
GAAG - GACGTGGG - - AGGC - TGCGAT ATGCCTCGGGGAGCTG - TC AACCG AGC - TGTG 




Mi to. Tri t icum. ae --------- ATCCATGGATCTCCGA - TCGGGAAA-CCG ........ -..........
Mito. Zea . may a ----------ATCCATGGATCTCCGA - TCGGGAAA- CCG----------------------
Mito. Oenothera .b ......... ATCCATGGATCTCCGA-TCGGGAAA-CCG............... ..... -
Wolbachia ......... ATCCGCAGATTTCCGAATGGGGAAA-CCCAACTAG..... ..........
Rhodobacter .caps --------- ATCCATGAATTTCCGAATGGGGAAA-CCCACCTGAGACCTTATTGTTGT
Rhodobacter. apha ......... ATCCATGGATGTCCGAATGGGGAAA-CCCACCTGACATTCTGCTATTG-
Paeudomonaa . cepa --------- ATCCGTAGATGTCCGAATGGGGAAA-CCCACTCC........ -........
Bordetella .pertu --------- ATCCGCAGATATCCGAATGGGGAAA-CCCACGGCAA--------------
Neiaaeria . gonorr --------- ATTCCGCGATGTCCGAATGGGGAAA-CCCACTGCAT---------------
Pseudomonas. aeru --------- ATCCGGAGATTTCTGAATGGGGGAA-CCCACCTAGG--------------
Ruminobacter. amy ........ AAGTCATGGATGTCCGAATGGGGGAA - CCCAGC ATCA---------------
Escherichia .coli -------- TAACCGGCGATTTCCGAATGGGGAAA-CCCAGTGTGT------ --------
Chlurobium. limic ......... ATCCGCAGATCTCCGAATGGGGCAA-CCCACCTC.................
Flexibacter. flex ......... ATCCGCAGATGTCCGAATGGGGCAA-CCCACTATGT........... —  -
Flavobacterium.o --------- ATCCGTAGATATCCGAATGGGGCAA-CCCACTATGT..............
Bacillus.subtili ......—  - ATCCGGAGATTTCCGAATGGGGAAA- CCCACCACTC...............
Bacillus, anthrac -.....  ATCCGAAGATTTCCGAATGGGGAAA-CCCACCATAC--------------
Lactococcus. lact ......... ATCCCTAGGTCTCCGAATGGGAAAA-CCCAGCTGCT--------------
Leptospira . inter --------- ATCCGTTGATTTCCGAATGGGGCAA-CCCTCTTGGT--------------
St reptomycea .gri ......  ATCCGGGGGTTTCCGAATGGGGAAA-CCCGGCAGTC--------------
Micrococcus . lute --------- AGACCAGGAATTCCGAATGGGGAAA-CCCCGCACGA------ -----
Mycobacterium, le ....... --ATCCGAGGATTTCCGAATGGGGAAA-CCCAACACGA------- ------
Frankia. sp . ----------ATCCGAGGATTTCCGAATGGGGAAA-CCCGGCAGGG--------------
Thermus. thermoph ......... ATCCCTGGATGTCCGAATGGGGGAA-CCCGGCCGGC--------------





























-------------- ----- --- TATCC-AAG-CTCCG- -.......... .-.........
...................... - TATCC-AAG-CTCCG------ ------------------
------------- ---------- TATCC-AAG-CTCCG................- — .....
- .......... .........-..... TTTA....... ----------- ------------
TCTTCGCAACGGACCTCCGCGCCGGCTCAATGCCGGAGCGCTGCGCCGCACTGCGAGA
T...................... TATCC - AAC -GGATA........... .... ...... - -
----------------------------- TTTT--------------------------------
—  .....-................... GCGGT..... -........................
----------------------------- TCTGT-------------------------------
........ ............ ........ATAA.... .... ------- ------ --------
-------------   GTTA..... ..... ....................
------------------------------------------------ TXCG........................ ........................ - -
............   GTAA------------ -------------------




- ...  - - A C T A --------------------------------
—  ..........................GAATA...............................




........ -................... GGGAAC.... ..... -..................

















































































CTTTACTCCTGAAT- - -ACAT----- A
TCTTAACCCTGAAT - - -ACAT----- A
TCCATGGCTGAAT - - -ACAT..... A
GCTGAAT---ACAT-----A
TCCTAAGTTGAAT— -ACAT.....A
TCTTGTACTGAAT - - -CCAT----- A
TCAGA....... .... GCAA------




TCCATATCTGAAT- - -TCAT----- A
TCCTTATCTGAAT - - - ACAT----- A
TTCATGAGTGAAT- - - ACAT----- A
AACG............CAAA-------
CCCGCTGCTGAAC- - -ACAT----- A
CCCCCGGTTGAAC - - - ACAT----- A
CCCGTATCTGAAT - - -ATAT----- A







----TGG-AC.... .........TTTTCAAAC - TTAGCGAACTGAAACATCTGA-GT-A
----TGG-AC.... .........TTTTCAAAC-TTAGCGAACTGAAACATCTGA-GT-A
----TGG-AC.... ....... - TTTTCAAAC - TTAGCGAACTGAAACATCTGA-GT - A
AAGTATG-TA.............- AAGCAAAC - TTGGTGAACTGAAATATCT AA - GT - A
GGGGGTT-TA.............. GAGCGAAC-CCGGGGAACTGAAACATCTAA-GT-A
GGGGTTT-TG--- — ...... AAGCGAAC-CCGGG-AACTGAAACATCTAA-GT - A
GGCCATG-CG...... -....... AAGGAAC -GCGGTGAACTGAAACATCTAA-GT - A
GGCCAGT-GG.............. AGGCGAAC-CGGGTGAACTGAAACATCTCA-GT-A
GGCTTAGAGA............... AGCGAAC -CCGGAGAACTGAACCATCTAA-GT-A
GGTGCAA-GA............... GGCGAACCACGGGGAACTGAAACATCTAA - GT - A
----TCT-GA--------------- GGCGAAC-CGGGAGAAGTGAAACATCTCA-GT-A
GGTTAAT-GA-------- ------ GGCGAAC-CGGGGGAACTGAAACATCTAA-GT-A
-----GG-AA------ ---------GGCAAAC -CCGGGGAAGTGAAACATCTCA-GT - A
-----AG-GA--------------- GGCAAAC-CCGCTGAACTGAAACATCTAA-GT-A
-.....G-GA...... .........GGCGAAC -CTGCTGAACTGAAACATCTAA- GT - A
GGATATGAGA- -........... -AGGCAGAC-CCGGGGAACTGAAACATCTAA-GT-A
GGGTAAG-GA- -............ AGACAGAC -CCAGGGAACTGAAACATCTAA-GT - A
GCTCATG-TA--------------AAGGTAAC -GCAGAGAACTGAAACATCTAA-GT-A
----CGC-G..... ........... AGCAAAG - TCGGGGAATTGAAACATCTTA - GT-A
GGCAGTG-TG.............. GAGGGAAC-GAGGGGAAGTGAAACATCTCA-GT-A
GGCCGCG-GG...... -...... GAGGGAAC-GTGGGGAACTGAAACATCTCA-GT - A
GGGTTC--GG.............. GAGGGAAC -GCGGGGAAGTGAAACATCTCA- GT - A
GGGCATG-TG..............GAGGGAAC-GCGGGGAAGTGAAACATCTCA-TT-A
---GCGC-GG..... ..........GGGGAAC -CTGGGGAACTGAAACATCTCA - GT - A

























































GCTAAAGGAAGGAAAA- - TC-AACC-GAG-AC-CCC-GTT-AGT-- - AGCGGCGAGCG
GCTAAAGGAAGGGAAA--TC-AACC-GAG-AC-TCC-GTT-AGT-- AGCGGCGAGCG
GCCAAAGGAAAAGAAA--TC-AACC-GAG-AT-TCT-GTT-AGT---AGTGACGAGCG
CCCGGAGGAAAGGAAA- - TC - AACG - GAT -AC-TCC-GTT- AGT-- AGTGGCGAGCG
CCCGGAGGAAAGGAAA- - TC - AACA -GAG -AC-TCC-GCT-AGT-- AGTGGCGAGCG
ACCGCAGGAAAAGAAA--TC-AACC-GAG-AT-TCC-CAA-AGT---AGTGGCGAGCG
GCTCGAGGAAAAGAAA--TC-AACC-GAG-AT-TCC-GAA-AGT---AGTGGCGAGCG
CCCGGAGGAAAAGAAA--TC-AACC-GAG-AT-TCC-GCA-AGT- - - AGTGGCGAGCG
CCCTGAGGAAAAGAAA--TC-AACC-GAG-AT-TCC-CTT-AGT---AGTGGCGAGCG
CCCCGAGGAAAAGAAA--TC-AACC-GAG-AT-TTC-CTA-AGT---AGTGGCGAACG 
CCCCGAGOAAAAGAAA- - TC - AACC - GAG - AT - TC C - CCC - AGT - - - AGCGGCGAGCG 
CCTGGAGGAAAAGAAA--AC-AAAA-GTG-AT-TTC-CTG-AGT- - -AGCGGCGAGCG 
GGCGGAGGAGAAGAAA--AC-AAAA-GTG-AT-TTC-CTA-AGT- -AGTGGCGAGCG





CCC TCAGGAAGAGAAA- - AC - AACC - GTG - AT - TCC - GGG - AGT-- AGTGGCGAGCG
CCCACAGGAAGAGAAA- -AC-AAAA-GTG-AT-TCC-GTT-AGT- - - AGTGGCGAGCG 
CCCGT AGGAGAAGAAA- - AC - AATT - GTG - AT - TCC - GCA- AGT - - - AGTGGCGAGCG
CCCGCAGGAGGAGAAA- - AC - AACC - GTG - AT - TCC - GCG - AGT-- AGTGGTGAGCG
CCCAGAGGAGAGGAAA- - GA- GAAA - TCG - AC - TCC - C TG - AGT--AGCGGCGAGCG




AG AGCGGAAC - TGGAAG - ATCCGGCCAAAG..... AAGG - TGATAGCC-CTGTTC--
AG AGCGGAAC - TGGAAG - ATCCGGCCAAAG......AAGG-TGATAGCC-CTGTTC--
AGAGCGGATT - TGGAAG-ATCTGGCCAAAG......AAGG- TGATAGCC -CTGTAG- -
AAAGCGGcAA- TGGAAA - TAGTAAa CCATAG.... AAGG- TGATAGTC - CTGT AT- -
AACGCGGACC - TGGAAA - GGCCAGCGATA.......TGGG - TGAC AGCC - CCGT AC - -
AACGCGGACC - TGGAAA - GGCCAGCCACAG......CGGG - TGAC AGCC -CCGT AC - -
AAATGGGATG - TGGAAA-GTGCGGCC A TAG..... -CAGG- TGATAGCC-CTGTAG- -
AAATCGGAAG - TGGAAA-GTCCGGCCG TAG......CAGG-TGATAGCC - CTGTAG--
AACGCGGAGG- TGGGAA -GCTTGACCATAG......C GGG - TGAC AGTC-CCGT AT --
AACGGGGATT - TGGAAA-GTGCGGCCATAG------TGGG- TGATAGCC - CCGTAC - -
AACGGGAAGC - TGGAAA-G^AAACGAAAG------AGAG- TGATAGTC - TCGTAG- -
AACGGGGAGC - TGGAAA-GGCf GCGATAC------AGGG-TGACAGCC - CCGTAC - -
AAAAGGAACA-TGGAAA-GG*L JGCCAGAG------AAGG-TGAAAGCC-CTGTAG- -
AACGGGAATT - TGGGAA- GCGCAACCGTAG......AGGG-TGATAGTC-CCGTAT- -
AACGCGNNAT - TGGAAA-GGTNAACCAAAG------AGGG-TGATAGTC-CCGTAT--
ACACGGGATC - TGGAAAGGGCCCGCCATAG......GAGG- TAACAGCC-CTGTAG- -
AAACGGAACA- TGGAAAGGTCC - GTCGTAG......AGGG-TAACAACC-CCGTAG- -
AACGCGAAGA - CTGGGAAGGT TAATCAAAG......AGGG-TAATAATC -CCGT AG- -
AACGCGGAAG - TTGGAAAAGCCGACCATAG......AGGG- TGAAAGTC - CTGT AA- -
AAACTGGATG - TGCGAAAGGTCCGGCGTAG......AGGG- TAAGACCC -CCGTAG- -
AACGCGGATG - GTGGAT - GCTGGACCGTAG------AGGG-TGAGAGTC-CCGTAG--
AACGTGGAAT - TGGGAT -GGCCTGCCGTAG------ACGG- TGAGAGCC -CAGTAC- -
AAAGCGGAAC - TGCGAA - TGGGCCGCCAT A ------GAGGGTAATAGCC-CTGTAG- -
AAAGGGGACC - TGGGAAGC AGC - GCCAGAG------AGGG-TGAAAGCC-CCGTAG- -


























































































ACT AGGTGTGCGACAAGTAGGGCGGGACACGTG - — ...... AAATCCTGTC
- CT AGGCGT AAGAGAAGTAGGGCGGGACACGTG......... AAATCCTGTC
- - TAAGCGT ACGAAAAGTAGGGCGGGACACGTG - -....... AAATCCTGTC
- ......GAAATCGAGTAGGACGGAGCACGAG.... ..... AAACTTTGTC
--------- ATGAAAGAGTAGGACGGAACACGTG - -....... GAATTCTGTC





- -GAATG-TATCCTGAGTACGGCGGAACACGTG....... - -AAATTCCGTC
- - AGCAG - TATCCTGAGTAGGGCTGGACACGCG..........AAATCCAGTT
- GGCCAGTAT-CCTGAGTACCACGGAACACGTG..........TAATTCAGTG
- TGAGAG - ACACCCAAGTAGCACGGGGCCCGAG..........AAATCCCGTG
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- GATGCAT ACAAACA - GTGGGAGCGCC..... ....
- TATGCGTACAAGCA - GTGGGAGCC TA...... - -
- TGTACGTACAAGCA - GTGGGAGCAC...........
- TGTACGTACAAGCA-GTGGGAGCACGC........ -
- TACGCNNACAAAACTGTAGGAGCT AACCACC----




- TGTGCCTACAAGAA - GTTCGAGCCCG..........





- TGGGCT T ACAAGCA - GTCACGGCCCC.........
-CGTGCCTACAAGAA-GTCGGAGCCCCC---------
1111111111111111111111111111111111111111111111111111111111  























































M i t o .Trit icum.aa 
Mito.Zaa.mays 






























.................... ATATCAATTTATTGATATTT- — ...................
.................... CTTGA........................................
.................... CATGA........................................
...................-GTAA...... -.............. ............ .....
.................... TTTA.................... ....................
..... -............. CTAG............................. -..........
- .................. CTTGT.................... -..................
- .................. TACG..................... -..................
.................... TTAG.................... -...................
.................... TTCG...................................... GGT
.................... GTGAT...... -............. ................—
.................... TTTGT........................................
.................... TTAA................— ......................
-  ............... TTAA................ ........ ................
....................TTAAT...................... ............. —
.................... TAAT........... ........... ..................
-------------------- CTTG--------------------------------- TGCTGTC
.................... CTTGT............. ..... .......... ..........
-------------------- TTTGT----------------------------------------
......... ........— TGTG........................................ G
.................... GCAA.........................................





CACTCTAACGGCGTACCTTTCGCATGATGGGTCAGCGAGGAAAT- -GGGAACAGCG- - 
CACTCTAACGGCGTACCTTTCGCATGATGGGTCAGCGAGGAAAT - -GGGAACAGCG- - 
CACTCTAACGGCGTACCTTTTGCATGATGGGTCAGCGAGGAAAT- -GGGAACAGCG- -
- AGAGTGACAGCGTACCTTTTGCAT AATGGGTCAGCGAGTT AAT - -CTATGAAGCAA-
- GAAGTGACGGCGTACCTTTTGTATAATGGGTCAACGACTTGGT - - CTTACGAGCAA-
- GACCTGACGGCGTACCTTTTGTATAATGGGTCAACGACTTGGT - - CTCACGAGCAA- 
-GGGGTGACGGCGf ACCTTTTGTATAATGGGTCAGCGACTTACG- -TTCAGTAGCAA- 
TGGGGTGACGGCGTACCTTTTGTATAATGGGTCAGCGACTTACA- - TTCAGTGGCGA- 
TGGTGTGACTGCGTACCTTTTGTATAATGGGTCAACGACTTACA- - TTCAGTAGCGA-
- T AGGTGACTGCGT ACCTTTTGTAT AATGGGTCAGCGACTT ATA- -TTCAGTGGCAA- 
— GTGTGACTGCGTACCTTTTGTATAATCGGTCAGCGAGTTACT-- TTCAGTGGCGA- 




- -CGGTGATGGCGTGCCTTTTGTAGAATGAACCGGCGAGTTACG- - ATCCCGTGCAA- 
-CGGGTGATGGCGTGCCTTTTGTAGAATGAACCGGCGAGTTACG--ATCCCGTGCGA- 
— GGGTGAGAGCGTGCCTTTTGTAGAATGAACCGGCGAGTTACG- - TTATGATGCGA- 
— GGGTGATGGTGTGCCTTTTGTAGAATGAGCCGGCGAGTTATT- - TTACGTTGCAA- 
AGTCGTGACTGCGTGCCTTTTGAAGAATGAGCCTGCGAGTTAGC-GGTGTGTAGCGA- 
-GGGGTGACAGCGTGCCTTTTGAAGAATGAGCCTGCGAGTTAGT - GATACGTGGCGA - 








Mlto.Triticum.aa GCTTAAGCC---- ----- ATTA-
Mlto.Zaa.mays GCTTAAGCC---- ----- ATTA-
Mito.Oanothara.b GCTTAAGCC---- ----- ATTA-
Molbachia GCTTAAGCC---- ----- GTTA-
Rhodobactar.caps GCTTAAGCC---- ----- GATA-
Rhodobactar.spha GCTTAAGCC---- ----- GGTA-
Pseudomonas.capa GCTTAACCG---- ..... TAT—
Bordatalla.partu GCTTAACCG---- ..... AAT--
Naiaaaria.gonorr GCTTAACCG---- ..... GAT--
Paaudomonas.aaru GCTTAATCG---- ..... TAT—
Ruminobactar.amy GGTTAACCG---- ..... CAT—








Straptomycaa.gri GGTTAACCC---- ----- OTGT-
Micrococcus.luta GGTTAACCC---- ----- GTGT-
Mycobactarium.la GGTTAACCC---- ..... GTGT-











* AGGGGAGGCGTAgG - GaAaCCG-
■ AGGGTAGGCGTAgCGa aAaGCG- 
AGGGGAGcCGAAcGGaaAaCCG-












































































Mi to. Tr i t i cum. aa ...... TGGAAGA- — ........................... -........TTTACGTTCT
Mito. Zaa .mays ...... TGGAATGGAAGA..................... ............ TTTACGTTCT
Mito. Oenothera. b ------TGGAATC........................... ............ TTCTAGTTCT
Nolbachia -ctgaaTAGGGCGTT........................................ TTAGTTTT
Rhodobacter. caps -AGTCTTAAAAGGGCG.............. -..... ................ACGAGTTCG
Rhodobacter. spha -AGTCTTAAAAG-GCG— ..................... ..... ..... — TCGAGTTCG
Pseudomonas. capa -AGTCCGAATAGGGCG-------------------------------------- TTCAGTTGC
Bordatalla .partu -GNTCCGAATAGGGCG............-............... ........TCCAGTCGC
Neisseria. gonorr -AGTCTTAATAGGGCG....................... -............ ATGAGTTGC
Pseudomonas. aaru -AGTCTTAATAGGGCG-------------------------------------- TTTAGTCGC
Ruminobacter. amy -AGTTTTAACTGAGCG............. — ------   CGAGTCGC
Escherichia. coli -AGTCTTAACTGGGCG...........-........... -............ TTAAGTTGC
Chlorobium. 1 imic -AGTTCGAACAGAGCG..................................... — AGAGTAAC
Flaxibactar. flax -AGTCTGAATAGGGCG--...................  TTAAGTCGG
Flavobacterium. o -AGTCTTAATAGGGCG............    CTTTAGTCAG
Bacillus . subtili -AGTCTGAATAGGGCG------------   CATGAGTACG
Baci 11 us . ant hr ac -AGTCTGAATAGGGCG............. ---------  TTTAGTACG
Lactococcus. lact -AGTCTGAATAGGGCG............. --------  ACTTAGTATC
Leptospira. inter -AGTCTGAATAGGGCG-------------------------------------TTAAAGTAGC
f traptomyces .gri -AGTCCGAACAGGGCG-------------------------------------GTTGAGTTGC
Micrococcus. lute -AGTCTGAATAGGGCG........................ - — ........ATTGAGTCGC
Mycobacterium. la -AGTCTGAATAGGGCGTATCACGT........ GTGA----------GCGTGTGTAGTGG
Frankie. sp. -AGTCCGAAGAGGGCG.......................   TTGAGTCGC
Thermua. thermoph -AGTCCGAACAGGGCGCAAGCGGGCCG---- CACG--------CGGCCCGCAAAGTCCG
Thermotoga .merit -AGTCCGAACAGGGCG........................    CTCAGTCAC
Node




Rhodoba-r t er . caps 
Rhodobac♦ er spha 
Pseudomonas n ceps 
Bordet el la.pertu 





Flexibac.t er . f lex 

























Flex i bact er . t lex 
Flav^bacter u m .o 
Bacillus.subti i 
Bacillus.anthrac 
Lactococcu s > tc^  
Leptospira inter 
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2222222222222222222222222222222222222222222222333333333333 
5555556666666666777777777788888888889999999999000000000011 
456789012 3456789012 3456789012 34 56789012 345678 9012345678901
?CC - TATTTGACCCGAAACCGATCG-ATCTAGCCATGAGCAGGTTGAAGHGAGCTCTA 
V/. TATTTGACCCGAAACCGATCG-ATCTAGCCATGAGCAGGTTGAAGAGAGCTCTA 
TCC TATTTGACCCGAAACCGATCG ATCTAGCCATGAGCAGGTTGAAGAGAGCTCTA 
ATG GATTAGACCCGAAACCAAGTG-ACCTAGTCATGACCAGATTGAAGGTct ggtaA 
OG GAT' AGACCCGAAACCAGATG ATCTAGCCATGTCCAGGATGAAGGTTGggtaA 
TGG GAT'-AGACCCGAAACCAGGTG -ATCTAGCCATGAGCAGGATGAAGTCAGggtaA 
TGG GCGTAGACCCGAAACCAGGTG-ATCTATCCATGGCCAGGATGAAGGTGCggtaA 
TGG GTGT AGACCCGAAAC CAGATG - A TCTACCCATGG* CAGGTTGAAGGCACgg t a A 
TGG-GTGTAGACCCGAAACCGAOTG ATCTATCCATGGTCAGGTTGAAGGTGCCg t a A 
TGG GTATAGACCCGAAACCGGGCG ATC TATCCATGAGGAGGTTGAAGGTTAggtaA 
TGG - Gt/yfAGACCCGAAACCTGATG Ai TAGTCATGGGCAGGATGAAGGCAAggtaA 
A'/C GTATAGACCCGAAACCCGGTG ATCTAGCCATGGGCAGGTTGAAGGTTGggtaA 
ATG CCGTAGACGCGAAACCAAGTG ATCTATCCTTGATCAGGATGAAGTATGggtaA 
TGG GAGTArACGCGAAACCTfGTG ATCTACCCTTGGGCAGGTTGAAGGTTGggtaA 
TAG - TGGTAGACGCGAAACCGTGTG ATC TACCCATGGGCAGGTTGAAGTTTAgg t a A 
TGG TCGTAGACCCGAAACCAGGTG ATCTACCCATGTCCAGGGTGAAGTTcAggtaA 
TGG TCGTAGACC//^AACCA^yrG ATCTACCCATGTCCAGGGTGAAGTTcAggtaA 
ATG ATGTAGACCC4AAACCT AGTG ACCTATCCATGAGCAGGGTGAAGGTGt gg t a A 
GTG GAATAGACCCGAAGCCTGTCG AGCTATCCATGTCCAGGTTGAAGGTGGggtaA 
ACG-CTCTAGACCCGAAGCGGAGTG ATCTAGCCATGGGCAGGTTGAAGCGGAggtaA 
GTG TCCTAGACCCGAAGCGGAG' ATCTACCCATGC CCAGGTTGAAGCGcGTgtaA 
CGTGTTCTGOACCCGAAGCGGAGTG ATCTACCCATGGCCAGGGTGAAGCGcGggtaA 
ATG TCCAAGACCCGAAGCCGAGTG-ATCTACCCATGGCCAGGTTGAAGCGcGggt aA 
CGG - CCGTGGACCCGAAACCGGGrG - AGCTAGCCCTGGCCAGGGTGAAGCTGGgg tGA 
CGG CGGCAGACCCGAAGOCGGGTO AGCTACt T^CAGGGTGAAGGTGGgTtaA




ACAGGCCTTGGAGGACCGA-- ACCc ACGTATGTGGCAAAATACGGGGAT-GA-CTTG 
ACAGGCCTTGGAGGACCGA--ACCC-ACGTATGTGGCAAAATACGGGGAT-GA-CTTG 
ACAGGCC TTGGAGGACCGA- - ACCC - ACGTATGTGGCAAAATACGGGGAT-GA-CTTG 
Aa - cGCacTGGAGGcCCGA - - ACCi t aATGTtGCM lATTATTGGA T -GA-GTTG
Ca - cCAacTGGAGGTCCGA- - ACCG - ACACCCGTtGAMAGGGTCCGGA T - GA- GATG 
ra-cCTGATGGAGGTCCGA--ACCa-ACACCCGTtGAAAACGGTCTGGAT GA-CTTG 
Ca cGTacTGGAGGTCCGA--ACCC-ACtaACGTtGAAAAGTTAGGGGAT GA-GCTG 
Ca cGTCGTGGAGGACCGA--ACCC-ACtaGTGTtGAAAAACTAGGGGAT-GA-GCTG 
Ca-GGTa cTGGAGGACCGA--ACCC-ACGCATGTt GCAAAA TGCGGGGAT-GA-GCTG 
Ca cTGacTGGAGGACCGA--ACCC-ACtCCCGTtGAAAAGGTAGGGGAT-GA-CTTG 
Ca cTTGcTGGAGGGCCGA--ACCC-ACt aACG1 GCAAAGTTAGGGGAT-GA-CCTG 
Ca-cTAacTGGAGGACCGA- ACCG- ACtaATGTtGAAAAATTAGcGGAT GA-CTTG 
Aa-oCATATGGAGGTCCGA--ACCa gt GTGGGTtGAAAACrGCTTGGAT-GA-ATTG 
Aa cCAacTGGAGGACCGA ACTG-AtAaGCGTtGAAAAGCTTCCGGAT GA-CCTG 
a -cTAaAx GGAGGACCGA--ACCG TttaACGCtGAAAAGTTTTCGGAT 1A-CCTG 
ca cTGaATGGAGGcCCGA--ACCC ACGCACGTtGAAAAc CGGGGAT-GA-GGTG 
Ca-cTGaATGGAGGcCCGA--ACCC ACGCACGTtGAAAAGTo CGGGGAT-GA GGTG 
Ga-cGCacTGGAGGcCCGA ACCa-gGACACGTtGAAAAGTGTTTGGAT-GA-CTTG 
Aa cTCacTGGAGGACCGA ACCC TttTTCGTt GAAAAGAATTGGGAT-GA-GGTG 
Ga cTTCGTGGAGGACCGA--ACC- ACCaGGGTtGAAAACCTGGGGGAT-GA-CCTG 
Ga-ACGCGTGGAGGACCGA--A^CC AC t TC AGT tGAAAATGGAGGGv iAT-GA-GTTG 
Ga-cCGCGTGGAGGcCCGA-~ C ACt TAAGTtGAAGATTGAGGGGA1 GA-GTTG
Ga - cCGTGTGGAGGACCGA- - A^ .CC ACCaGGGTt GAAAACCT^GGGA i GA GCTG 
Ga-cCCaGTGGAGGcO GA--ACCG gt ,GGGGAtGC, AACCCCTCGGAT-GA-GCTG 

























































TGGC - TAGGGGTGAAAGG - CCAACCAAGATCGGATATAGCTGGTTTTCCGCG-AAATC 
TGGC - TAGGGGTGAAAGG - CCAACCAAGATCGGATAT AGCTGGTTT TCCGCG-AAATC 
TGGC - T AGGGGTGAAAGG - CCAACCAAGATCGGATATAGCTGGTTTTCCGCG-AAATC 
TGAT - TAGGGGTGAAAGG - CCAATGAAACTTGGAAAT AGCTGGTTCTCCGCG-AAATC 
TGGC - TAGGGGTGAAAGG - CCAATCAAATCTGGAGATAGCTGGTTCTCCGCG-AAAGC 





TGAC - TAGGGGTGAAAGG-CCAATCAAATCAGGTGATATCTGGTTCTCCCCG-AAAGC 
TGGC - TGGGGGTGAAAGG-CCAATCAAACCGGGAGATAGCTGGTTCTCCCCG-AAAGC 
AGGA-TAGGGGTGAAAGG-CCAATCAAACTTGGTNATAGCTCGTACTCCCCN-AAATG 
AGGC-TAGGGGTGAAAGG-CTNATCAAACTGGGAAATAGCTCGTACTCATCG-AAATG 
TGGG- TAGGGGTGAAAGG - CCAATCAAACTCGGAAATAGCTCGTACTCCCCG -AAATG 
TGGG-TAGGGGTGAAATG-CCAATCGAACCTGGAGATAGCTGGTTCTCTCCG-AAATA 
TGGG - T AGCGGAGAAAT T - CCAATCGAACC TGGAGATAGCTGGTTC TCCCCG - AAAT A 
TGGA-TAGCGGAGAAATT-CCAAACGAACTGGGAGATAGCTGGTTCTCTCCG-AAATA 













TA- TTT - CAGTAGAGCGTATGAT 
TA-TTT-AGGTAGAGCGTTGTAT 







































































































GCCCGAGGTAGAGC - ACTCAATGGG- -CT----AG- -GGTGGCCCCCATTTCGCTTTA
GCCCGAGGTAGAGC - ACTCAATGGG - - CT----AG— GGTGGCCCC - ATTTCGCCTTA
GTTGGGGGTAGAGC - ACTGGATAGA- -CT--- AG- -GGGGATTCACC-----GTCTTA
TGCGGGGGTAGAGC - ACT ACATGGA - - TG----AT - -GGGGGCCCACA-----GCCTTA
TCGGGGGGTAGAGC - ACTGCATGGA- - TG--- AT--GGGGGCCCACA-----GCCTTA
TTCGGGGGT AGAGC - ACTGTCATGG - - TT--- GG--GGGGTCTATTGC-- -AGATTA
GCAGGGGGTAGAGC - ACTGTTATGG- - C T ----AG - - GGGGTCATGGC----- GACTTA
GATGGGGGTAAAGC - ACTGTTATGG- - C T ----AG— GGGGTT ATTGC-----AACTTA
CTGGGGGGTAGAGCAACTGTTTCGG- -CT----AG - - GGGGTCATCCC-----GACTTA
ATGGGAGGTAGAGC-ACTGTTTCGA- -TA----AG- -GGGTCCATCCC----- GGATTG
TCCGGGGGTAGAGC-ACTGTTTCGG- -CA----AG- -GGGGTCATCCC-----GACTTA
GCCGGAGGTAGAGCTACCAATTGGG- -CT----A G — GGCTGTCACAA-----CGGT - A
CAAGGAGGTAGAGCTACCGATAGGA--CT----AG- -GGGGNCTTCAC---- CGCCTA
CTTAGAGGTAGAGCTACTGATTGGA - - TG----CG - - GGGGGCTTCAC-----CGCCTA
CTTGGAGGT AGAGC - ACTGATTGGA - - CT----AG--GGGCCCTCACC-----GGGTTA
CTTGGAGGT AGAGC-ACTGATTGGA- - CT----AG - - GGGTCCTCATC-----GGATTA
ATTGGAGGT AGAGC - AC TGTTTGGG - - TG----AG - -GGGTCCGTCTA-----GGATTA
TGCGGGGGT AGAGC - TCTGAAAGGA- - CT----AG- -GGGGCCCACA...... AGCTTA
GCCGGAGGT AGAGC - ACTGGAT AGG - -CG----AT- -GGGCCCTACC...... GGGTTA
CCCGGAGGTAGAGCTACTGGATGGA- - C G ----A T — GGGCCCTACAA-----GGGCTA
CACGGAGGTAGAGCTACTGGATGGC- -CG----AT- -GGGCCCTACT...... AGGTTA
GC CGGAGGT AGAGC-AC TGGATGGC- - C T ----A G — GGGGCCCACAA-----G-CTTA
GGGGCCTGT AGAGC -ACTGATAGGG- -CT----AG- -GGGGCCCACC...... AGCCTA
GCAGGGGGT AGAGC - AC TGATGGGG - -CT----AG - - GGGGGTTTCC------------ T






CCAACC - CCAGGGAAACTCCGAATACAGGCC T 
CCAAAT -CTAACTAAACTCCGAATACCAACAA 
CTGAGT-CTAAGTAAACTCCGAATACCGCAGA 
CTGAGT - CTAAGCAAACTCCGAATACCCGAGA 
CCCCGC -CATAGCAAACTCCGAATACCGAAGA 
CCAAAC - CATGGCAAACTCCGAATACCTGCAA 







CCGAAT - TCAGTCAAACTCCGAATGCCAATGA 
CCGAAT - TCAGTCAAACTCCGAATGCCAATGA 
CCAATC - TCAGATAAACTCCGAATGCTAAT AC 
CCAAAC - CCT ATCAAACTTCGAATACCGT AAC • 
CTGACC-TTAGCCAAACTCCGAATGCCGGTAA 
CTGACT - TCAGCCAAACTCCGAATGCCGGGAA 
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CATCCTTAGTACAGACA-GACTGATT - -GGGTGCTA-AGATCCAA-AGTCGAGAG-GG 
CATCCTTAGTACAGACA-GACTGATT--GGGTGCTA-AGATCCAA-AGTCGAGAG-GG 
GATCGTTTGTACAGACA-GACTTTTG--GGGTGCTA-AGATCCAA-AGTCGAGAG-GG
- TTAATTATACAGCAGG-CACACTAC— GGGTGCTA-A-GTCCGT-gGTGAAGAG-GG 
--GTACTATCCGGGAGA-CACACGGC--GGGTGCTA- ACGTCCGT -CGTGAAGAG-GG 
— GTACTATCCGGGAGA-CACACGGC--GGGTGCTA-ACGTCCGT-CGTGAAGAG-GG 
-GTGCAATCACGGGAGA-CAGACATC--GGGTGCTA-ACGTCCGG-TGTCAAGAG-GG
- - GTACAGCTTGGGAGA- CAGACGACC -GGGTGCTA-ACGTCCGG-ACTCAAGAG-GG 
-GTGGTTCCTCGGGAGA-CAGACAGC- -GGGTGCTA-ACGTCCGT-TGTCAAGAG-GG 
GTGCCGAGCATGGGAGA-CACACGGC- -GGGTGCTA-ACGTCCGT-CGTGAAAAG-GG
- -GGACTATTTGGGAGA-CAGACAGC- -GGGTGCTA-AGGTCCGT-TGTCGAGAG-GG 
-ATGTTATCACGGGAGA-CACACGGC--GGGTGCTA-ACGTCCGT-CGTGAAGAG-GG
- - GACAT ACCCGGGAGT - GAGGGCAT - -GAGCGAT A- AGGTCC AT • g TCCGAGAG - GG
- - C AT AT AC TCGGGAGT - GAGGGCAT - - GGGTGCTA- AGGTCC AT - g TCCGAGAG - GG
- - ATGATAATCATCAGT -GAGGGCAT - -GGGTGCTA- AGGTCCAT - g TCCGAGAG - GG 
— CTTATCCTTGGGAGT-CAGACTGC - -GAGTGATA-AGATCCGT - AGTCGAAAG -GG 
— CTT ATCCTTAGGAGT-CAGACTGC - -GAGTGATA- AGATCCGT - AGTCAAAAG -GG
- - -ACATGTTCGGCAGT-CAGACTGC - -GAGTGCTA-AGATCCGT - AGTCGAAAG-GG
- TCCAAAGACTGGCAGT-CAGACTAC - -GGGGGATA-AGCTCCGT -gGTCAAAAG-GG 
-GTGAGAGCACGGCAGT-GAGACTGT - -GGGGGATA-AGCTCCAT-gGTCGAGAG-GG
- GTGAGAGCGTGGCAGT-GAGACTGT - -GGGGGATA- AGCTTCAT - AGTCGAGAG - GG
- TTAAAAGCGTGGCAGT-GAGACGGC - -GGGGGATA-AGCTCCGTACGTCGAAAG-GG
- - GTGAAGTGCGGCAGT - GAGACTGC - -GGGGGATA-AGCTTCGT - AGTCGAGAG - GG
- - GTGGAGCCTGGGAGT - GAGGGCGC - -GAGCGATA - ACGTCCGC - g TCCGAGCGCGG





AA - AC AGCCC AGATCGT ACGCT AAGGTCCCT A- - AGCAATCAC TT -AGT - GGAA----
AA - ACAGCCCAGATCGT ACGCTAAGGTCCCTC - AAGCAATCACTT - AGT - GGAA----
AA-ACAGCCCAGATCGTACGCTAAGGTCCCTA-- AGO AATCACTT-AGT-GGAA----
AA - ACAACCCAGATCACT ATCTAAGGT t CCAA— AATT ACAgCTA - AGT - GGGG----
AA - ACAACCCTGACCAACAGCTAAGGCCCCCA— ATTCGTGgCTA - AGT - GGGA----
AA - ACAACCCTGACCTGCAGCTAAGGCCCCCA- -ATTCGTGgCTA-AGT - GGGA----
AA - ACAACCCAGACCGCCAGCTAAGGTCCCCA- - A-ATATAgCTA - AGT - GGGA----
AA - ACAACCCAGACCGCCAGCTAAGGTCCCGA- - A-TTATCgCTA-AGT - GGGA----




AA - ACAACCCAGAACCACAGCTAAGGCCCCNN - - AATTCACgCTN - AGT -GTATTA- - 
AA - AGAACCC TNACCGTCAGCT AAGGTCCCCA - - AATCTATTCTA-AGTTGAACA - - - 
AA-AGAACCCAGACCATCAGCTAAGGTCCCNA- - AATGTATgCTA-AGTTGAAAA- - -
AA - ACAGCCCAGACCGCCAGCTGAGGTCCCAA- - AGT ATACgTTA - AGT - GGAA----
AA - ACAGCCCAGACCGCCAGCTAAGGTCCCAA- - AGTGTGTATTA-AGT -GGAA----
AA - AC AGCCCAGACCAACAGCTAAGGTCCCAA- - AAT AT ATg TTA - AGT - GGAA----
AA-ACAGCCCAGACCGTCGTTTAAGGCCCCAA--AGTTCATgCTA-AGT-GGCA----
AA - ACAGCCCAGAGCATCGACT AAGGCCCCT A- - AGCGT ACgCTA - AGT - GGGA----
AA-ACAGCCCAGACCACCGGTTAAGGCCCCTA--AGCGTGTgCTA-AGT-GGGA----
AA - ACAGCCCAGA TCGCCGGC T AAGGCCCC T A - - AGCGTGT g C T A - AGT - GGAA----
AA-ACAGCCCAGATCGCCAOCTAAGGCCCCTA--AGCGTJCgCTA-AGT-GGAA----
GA-ACAACCGAGACCGCCAGCTAAGGCCCCCA- -AGTCTOGgCTA-AGT-GGTA----
GA - ACAACCCAGACCGCCGGCT AAGGGCCCGA- - AGAGGTGgCTA - AGT - GGTA----











































































----AAGG - ATGTGGAGTCGCA - GAGACAACCAGGAGGTTGGCTTAGA-AGCAGCCAC
----AAGG-ATGTGGAGTTGCT-GAGACAACCAGGAGGTTGGCTTAGA-AGCAGCCAC
----AAGG - ATGTGGAGTCGCA - AAGAGAACCAGGAGGTTGGCTTAGA-AGCAGCCAC







-CCTTTGAAGAAAGCGTAATAGC - - - TCACTGGT -CTA.....GCT...............
-CCTTTGAAGAAAGCGT AATAGC-- TCACTGGT - CTA..... GCT...............
-CCTTTGAAGAAAGCGTAATAGC - - - TCACTGGT-CTA.....GCT...............
-CCTTTAAAGAAAGCGaAACAGC - - -TCACTTGT -CTAAATAAGTT..............
-CCTTTAAAGATAGCGTAACAGC---TCACTGGT-CTAGTCAAGAG..............
-CCTTTAAAGATAGCGTAACAGC---TCACTGGT-CTAGATAAGCT..............
-CCTTTAAAGAAAGCGT AATAGC— - TCACTGAT-CGA.....GTC...............
-CCTTTAAAGAAAGCGTAATAGC - - - TCACTGAT -CGA.....GTC...............
-CATTTAAAGAAAGCGTAATAGC - - -TCACTGGT -CGA.....GTC...............
-CCTTTAAAGAAAGCGT AATAGC— TCACTAGT -CGA.....GTC...............
-CATTAAAAGAAAGCGTAATAGC - - - TCACTAGT -CGA.....GTC...............
-CATTTAAAGAAAGCGTAATAGC - - - TCACTGGT -CGA.....GTC...... ........
- CATTTAAAGAGTGCGT AATAGC— -TCACTAGT-CAA.....GCG...............
TCATTTAAAGAGTGCGTAACAGC - - - TCACTGGT - CGA.....GCG...............
TCATTTAAAGAGTGCGTAACAGC - - - TCACTAGT - CGA.....GCG...............
- CATTTAAAGAGTGCGT AATAGC-- TCACTGGT - CGA..... GTG...............
- CANNT AAAGAGTGCGT AATAGC - - - TCACTAGT - CGA.....GTG...............
- CATTCAAAGAGTGCGTAATAGC-- TCACTAGT - CGA..... GTG..............
-CCTTTAAAGAGTGCGTAATAGC- - - TCACTGGT-CGA.....GTG...............
-CCTTGAAAGAGTGCGT AATAGC - - -TCACTGGT-CAA.....GTG...............
-CCTTGAAAGAGTGCGTAATAGC— TCACTGGT -CAA.....GTG...............
-CCTTGAAAGAGTGCGTAATAGC - - - TCACTGGT -CAA.....GTG...............
-CCTTGAAAGAGTGCGT AATAGC— - TCACTGGT-CAA.....GTG-.............
-CCTTTAAAGAGTGCGTAATAGC— TCACTGGT-CGA.....GTG...............






























































.....GTCCT - GCGGCGAAGATGTAACGGGGCTCAAGCCACGA........... GCCGA
.....GTCCT-GCGCGGAAGATGTAACGGGGCTAAG-CTATAT........... ACCGA
.....GTCCT-GCGCGGAAGATGTAACGGGGCT - AAGCGATAA........... ACCGA





.....ACAGCNGCATCGATAAT AAA - CGGGCATCAAGAATAGT........... ACCGA
.....ATCGA-GCATGGATAATAAT-CGGGCAT-AAGTATACT........... ACCGA
.....ACTCT - GCGCCGAAAATGTACCGGGGCT - AAACGTATC........... ACCGA
.....ACTCT - GCGCCGAAAATGTACCGGGGCT - AAATACACC........... ACCGA
.....ACCCT -GCGCCGAAAATGTACCGGGGCT AAACATATTA............ CCGA
..... CTCCC -GCGCCGAAAATGTAATCGGGACTAAGCATGGC........... GCCGA
.....ATTCC - GCGCCGACAATGTAGCGGGGCTCAAGCGTACC........... GCCGA
-----ATTCC-GCGCCGACAATGTAGCGGGGCTCAAGTACACC.... .......GCCGA
-----ATTGT-GCGCCGATAATGTAGCGGGGCTCAAGCACACC........... GCCGA
-----ATTCC - GCGCCGACAATGTAGCGGGGCTCAAGCGCACC........... GCCGA
-----GCGCC - GCGCCGAAAATGATGCGGGGCTTAAGCCCAGC........... GCCGA
-----GCTCT-GCACCGAAAATGTAACGGGGCTCAAGCCACCC....... * - -CCCGA
3333333333333333333333333333333333333333333333333333333333
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— --— ....... JXX— —










■---------   TTT -
............. TAA.....
...... TGTATCCCCAACGG













... ........TGCACGTGGTAGCG-GAGCG - TTC--- TGTGA
...........TGTGCGTGGTAGCG- GAGCG - TTC---CGTGA




............ TTAATTGGTAGGG- GAGCG - TTC -— TGTAA
........ GCGTTGTTGGGTAGGG-GAGCG-TTC-— TGTAA
........ .... TGATCGGTAGGG-GAGCA- TTC---CAGTT
.............. TAGTGGTAGAT -GAGCA- TTC - - - TGACA
........ ANCNTNAOTGGTAGGG- GAGCA- TTC - - - TATCG
...........GAACAGTGGTAGGA-GAGCG-TTC— TAAGG
...... ATGGTATCAGTGGTAGGG- GAGCG - TTC - - - TAAGG
...........TATCAATGGTAGGA-GAGCG- TTC— TTAAC
............. GGAGTGGTAGGA-GAGCG-TTC---TTTCT
G........................ AGTACGGATGGGTAGGG-GAGCG- TCG- - - TGTGC
............................ GCTGGATGGGTAGGG-GAOCG-T-C— OTTCA
.........................GGGTGGATGTGGGTAGGG-GAGCG-TTC- - -CTCAT
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..... -.................................................... ..... GGGG
................................................................. GGGG














































































4 5678 9012 34 5676 9012 34 56789012 34 5678 9012 34 5678 BO 12 34 567 8 901
AAG— GTTT - TTGGTGACAAGACC-TGGAG- - -ATATC--AG-AAGTGAGAATGCTGA 
AAG— GTTT - TTGGTGACAAGACC-TGGAG- — ATATC — AG - AAGTGAGAATGCTGA
AAG— GTTT-TTGGTGACAAGACC-TGGAG--ATATC--AG-AAGTGAGAATGCTGA
AAG--GTGG-TTTGTGAAAACTGC-TGGAG---ATATC— GG-AAGTGAGAATGCTGA 
GCC— GGCC - TGTGAGGGATCCGG- TGGAG-— TGATC—  AG-AAGCGAGAATGTTGA 
GCC— GGGC-CGTAAGGCATCCGG-TGGAG- - -AGATC— GG-AAGCGAGAATGTTGA 
GGT - - GCCT - TGTAAAGG- -GTGC- TGGAG - - - GT ATC - -GG-AAGTGCGAATGCTGA 
GG7— GGCT-TGTAAAGG--CTGC-TGGAG- - -GTATC- AG-AAGTGCGAATGCTGA 
GGT— GCAT -TGTAAACT- -GTGC-TGGAG- — GTATC - -AG-AAGTGCGAATGTTGA 
GGT— GAGT-TGAGAAGC--TTGC-TGGAG-— GTATC--AG-AAGTGCGAATGCTGA 
GGG-- CAAC - TGGAAGGT - -TGAC-TGGAG- - -CTATC- -AG-AAGTGCGAATGCTGA
GGT— GTGC-TGTGAGGC— ATGC-TGGAG--GTATC- -AG-AAGTGCGAATGCTGA
GGT— GTCT-GGTAATGG— ATGC-TGGAG--CGGCT— GG-AAACGAACATGTAGG
GCT— GCAT-GGTCATGT - -GTGG-TGGAG-- -AGGTC- -AG-AAAAGCAAATGTAGG
GCC - - GTAT - TGCGAGAT - - ATGG- TNGAG--TTTAT - - AG - AAAAGAAAATGTAGG
GCC- -AGAC -CGGAAGGA- -CTGG-TGGAC— -GGCTT- - AG- AAGTGAGAATGCCGG
GTC - - AGAC - CGGAAGGA- -CTGG- TGGAG--TGCTT - -AG- AAGTGAGAATGCCGG
GGT— ATAC-CGTGAGGA- -GTGC-TGGAG- --CGTTA— AG-AAGTGAGAATGCCGG 
GGC— GTAC -CGTAAGGA- -GCGC-TGGAG- --GAGTA--AG-AAATGAAGATGCTGG 
GCA- -GCCG-CG-GAAGC- -GAGT-TGTGG- - -ACGGTTCAC-GAGTGAGAATGCAGG 
GCC- - AGCG-GGTAACTT- -CTGG-TGGAT- — TGTGG- -AC-GAGTGAGAATGCAGG 
GCC- -TCCG-GGTAACCG- -GTGG-TGGAG- --GGTGG--GG-AAGTGAGAATGCAGG 
GCG - -GCGG-GGTGACCC -AGCCG-TGGAT - - -GCCAT- -AC-GAGTGAGAATGCAGG 
GGC- -CGAC-CCGCGAGG--CGGC-TGGAG- — GTAAG--GG - AAGTGCGAATGCCGG 





CAT -GAGTA-ACGA- -GAAATCCTG............... TGAAAAA- - -
CAT -GAGTA-ACGA- -GAAATCCTC............... TCAAAAA-- -
CAT-GAGTA-ACGA--GAAATCCTG............... TGAAAAA- —





CAT-GAGTA-GCGA--TAAAGCGGG- - .............TGAAAAG- - -
CAT-GAGTA-ACGA— CAATGGGTG................TGAAVAG----
CGT -GAGTA-ACGA--TAATATATG................TGAAAAA- - -
CAT - AAGTA-ACGA- -TAAAGCGGG................TGAAAAG- - -
CAT-GAGTA-GCGA--TAAACAAAG................TGAGAAA----
CAT-AAGTA-ACGA— TAATGCGTG................TGAGAAA----
CAT-AAGTA-ACGA- -TAAGGGGTG................CGAGAAA- - -
TAT-GAGTA-GCGA--AAAGAGGGG................TGAGAAT - —
TAT-GAGTA-GCGA--AA-GNCGGG................TGAGAAT—
TAT -GAGTA -GCGC - - - AAGATAAG................TGAGAAT - —
CAT ' GAGTA - GCGT - - AAAGGGGAG................TGAGATT----







































































- - - CACCCACGCCGAA--AGACCAAGGG












































CGC AGAGTGAATCGGTCC - CT AAGGAACCCCC - GAA- - AGGG 
CGC AGAGTGAATCGGTCC - CT AAGGAACTCCC - GAA --AGGG 
CGCAGAGTGAATCGGTCC -CTAAGGAACCCCC-GAA- -AGGG 
CGTAGGGTTAGTCGGTTC -CTAAGGCGAGTCC-GTA- -AAGG 
AGCAGGGTAAGCCGGCCC - CTAAGGCGAGGCC - GAA- -AGGC 
AGCAGGGTAAGCCGGCCC - CTAAGGCGAGGCC- GAA- -AGGC 
CGTAGGGTGAGTCGGCCC -CTAAGGCGAGGCA-GAA- - ATGC 
CGCAGGGTGAGTCGGCCC - CT AAGGCGAGGCA-GAG - -ATGC 
CGT AGGGTAAGTCGGCCC - CTAAGGCGAGGCA-GAA- -ATGC 
CGCAGGGTTAGTCGGTTC-CTAAGGCGAGGCT-GAA- -AAGC 
GGCAGAGTGAGTCGGTAC - CT AATGT AAGGC T - GAA- -AAGC 





CTCAGGGTTAGTCAGGAC -CTAAGCCGAGGCC-GAC - - AN - - 
CCCTGGGTTAGTCGGGAC-CTAAGGCGAGGCC-GAA--AGGC 
CCGGGGGTT AGTCGGCCC - CT AAGACGAGGC T - AAG - - AATG - 
CCCAGGGTAAGTCGGGAC - CTAAGGCGAGGCC - GAC - -AGGC 
CCCTGGGTAAGTCGGGAC-CTAAGGCGAGGCC-GAC--AGGC 
CCCAGGGTGAGTCGGGAC - CTAAGGCGAGGCC - GAC - -AGGC 
CCC AGGGTGAGTCGGGAC - CTAAGGCGAGGCC - GAC - -AGGC 
CGT AGGGTT AGGCGGGAC - CT AAGGTGAAGCC - GAA- -AGGC 





































































..................... GTAGC-CGAT--QGA-AAACTGGTTA - ATAAT-CCAGTA
..................... NAAGC-CGAT- -GGA-CAACGGGTTA-ATATT-CCCGTA
....... ............. GACGT-CGAT- -GGC-CAACGGGNNA-ATATT-CCCGTA
....... -............ GTAGG-CGAT- -GGA-CAACAGGTTG-ATATT-CCTGTA











































































































































































.....G ................- - GAAC TOACCGTACCC - CAAACCGACACAGGTGAACA
.....G ----- ------------ OAACTGACCGTACCC -CAAACCGACACAGGTGAACA
.....G ..... -..... ..... GAACTGACCGTACCC - CAAACCGACACAGGTGAACA
.....T----- ------------ TATGAGGCCGTACCG - CAAACCGACACTGGTGGATG
.....G -------------- -.......TGACCGTACCC - TAAACCGACACAGGTGGACA
.....G --------  AGACCGTACCC -CAAACCGACACAGGTGGACT
----GC...... ..... GTCTAACGATGACCGTACCG-CAAACCGACACAGGTGGGCG
----GC.............GCTGTACGAOACCGTACCG - CAAACCGAC AC AGGTGGGAC
----GC.........- —  GTTTGAATCGAACCGTACCC - CAAACCGACACAGGTGGGTA
----GC.......... --GGTAACCAGGAACCGTACCC - CAAACCGACACAGGTGGTCG
..................AATTAATG-CTGGCCGTACCC-GAAACCGACACAGGTGGTCG
----GC............ GGTAACATCAAATCGTACCC - CAAACCGACAC AGGTGGTC A
TATTAC..............CATGACTGGCCCGT ACCG - TAAACCGACACAGGT AGATG
--GAGC.............. GATTGTTTACCCGTACCG-CAAACCGACACAGGTAGTCA
----GT............ GATTATTAGTACCCGTACCG - TAAACCGACACAGGTAGTCG
TTGAGC............. GTGAGAGGTGCCCGT ACCG - CAAACCGTCACAGGT AGGCG
TTGAGC............. ATAAAAGGTGCCTGTACCG - CAAACCGACACAGGT AGGCG
----GT......... AAAGTCAT ATCT ACCCGT ACCG - CAAACCGACACAGGTGGTCG
---TGC ............ TTT AT TCGACCGT ACCG - CAAACCGACACAGGTAGGCA
GTAAGC - - - .....GTTTCATGGCGGCCCGTACCC - TAAACCGACTCAGGTGGTCA
GCATTA---- ------- GGTTCAAACTGCCCGT ACCC - T AAACCGACACAGGTGGTCA
TCAAGC---------- GCATACATGCGGCCCGTACCC -CAAACCGACACAGGTGGTCA
GCAAGC....... - - - GTGTCAGGGCCGCCCGTACCC - TAAACCGACACAGGAGGTCA
---TGC..............CCTGCGGGAACCCOi.'CCG-CAAACCGACACAGGTGGGCG












-GGGATGAATATTCCAAGGCG-CTTGAG-AGAACTCAG - GAGAAGGA/tCTCGGCAAAT 




-GGAT - GAGTATTCTAAGGTG-CTCGAG- TGAGACGCA - GCTAAGGAACTCGGCAAAA 




































































- TGACCCC - GTAACTTCGGGAGAAGGGGT-GCTCTCCT ATC...................








- TGGCACC - GT AACTTCGGGAGAAGGTGC - GCCGGC - T AGGGTGAAGGA..........




































































































































ACTAGGGGGTGGCGACTGTTTACTTAAAACAC -AGGGCTCTGCGAAGCCGTA-A- -GO 
ACCAGGGGGTGGCGACTGTTTACTTAAAACAC-AGGGCTGTGCGAAGCCGCA-A- -GG 
AACTGGTGGCTGCGACTGTTTAATAAAAACAC-AGCACTCTGCAAACACGAA- A- -GT 
AATCGGTGGCTGCGACTGTTTATTAAAAACAC-AGCACTCTGCAAAGACGAA-A- -GT 
AATAGGTGGCTOCGACTGTTTATTAAAAACAC-AOCAeTCTQCCAACACGAA-A--GT 
AC CAGGCCGCTOCGACTGTTTATTAAAAACAC -AGCACTCTGCAAACACGAA-A- -GT 




AAAAGGTCCAGGCGACTGTTTATCAAAAACAC-AGGGCTCTGCAAAATCGTA-A - -GA 
AATAGGCCCAGGCGACTGTTTAGCAAAAACAC-AGGTCTCTGCGAAGCCGTA-A 3i 
AATAGOCCCAAGCGACTGTTTAGCAAAAACAC-AOCTCTCTGCGAANNCGTA-A- -Hh  
AATAGGCCCAAOCAACTOTTTATCAAAAACAC-AGCTCTCTGCTAAACCGCA-A- -GG 
AAATGGGGGTAOCGACTGTTTACCAAAAACAC - AGGACTCTGCCAAATCGGA-A- -GA 
ACCAGCGAGAAOCGACTOTTTACTAAAAACAC-AGGTCCOTGCGAAGCCOTA- A- -GG 
ACCAGGGGGAAGCGACTGTTTATCAAAAACAC-AGGTCCATGCGAAGTCGTA-A- -GA 
ACCAOTQABAAQCGACTGTTTACTAAAAA CAC-AQQTCCQTQCQAAQTCOTA-A- -GA 



































































GGACGTATAGGGTGTGACGCCTGCCCG -GTGC - CGGAAGGTTAATTGAAGATGT----
GGACGTATAGGGTGTGACGCCTGCCCG -GTGC-CGGAAGGTTAATTGATGGGGTTAGC 
GGAAGTATAGTGTGTGACACCTGCCCG -GTGC -CGGAAGGTTAAATGATGAAGTCATC 
GGACGTATACGGTGTGACGCCTGCCCG-GTGC-CGGAAGGTTAATTGATGGGGTTAGC 
CGATGTATAGGGAGTGACACCTGCCCG-GTGC-TGGAAGGTTAAGGGGATCTGTCA-T 
TGAAGT ATAAGGCC TGACACC TGCCCG - GTGC - TGGAAGGT T AAGAGGGG ATGT T AGT 
TGAAGTATAGGGCCTGACACCTGCCCG-GTGC-TGGAAGGTTAAGAGGAGATGTTATC 
CGAAGTATAGGGGCTGACGCCTGCCCG-GTGC-TGGAAGGTTAAGAGGAGCGCTTAGC 
NNNNGT AT AGGGGGTGAC ACCTGCCCG-GTGC-TGGAAuGTTAAGGAGAGGGGTTAGC 
TGATGTATAGGGGGTGACGCCTGCCCG-GTGC-TGGAAGGTTAAGAGGAGTGCTTAGA 
































CC- --GAAA- - -GGGTGAAGCGGAGAATTTAAGCCCCAGTAAACGGCGGTGGTAi iCTA 

































































































CGT AACGATGGCGGCGCTGTCTCCACCCGAGACT * CAGTGAAATTGAAATCGCT - GTG 
TGTAACCATGGCCACGCTGTCTCCACCCGAGACT-CAGTGAAATCGAAATCGCT-GTG 
CGTAATGATGGCCAGGCTGTCTCCACCCGAGACT-CAGTGAAATTGAACTCGCT-GTG 
TGTAACGAT TTGACCACTGTCTCGGCTGCGCGCT - CGGCGAAATTGT AGTGCCG - GTG 
TGT AACGATCTGGGCGCTGTCTCAACCGTGAGT T - CGGTGAAATTGT AGTAGCG - GTG 
TGT AACGATCTGGACACTGTCTCAGCCATGAGCT - CGGTGAAATTGT AGTATCG - GTG 
CGCAACGATCTGGGCGCTGTCTCAACGAGAGACT -CGGTGAAATTATAGTACCT - GTG 
TGTAACGATTTGGGCACTGTCTCAACCAGAGACT -CGGTGAAATTATAGTACCT - G i'G 
CGTAATGATTTGGGCACTGTCTCAACGAGAGACT -CGGTGAAATTTTAGTACCT-GTG 
TGTAACGACTTCCCCACTGTCTCAACGAGAGTCT-CGGCGAAATTGTAGTACCC-GTG 
CG T AACGACTTCTCGnCTGTC TCAACCAT AGGCC - CGGTGAAATTGCAC TACGA - GT A 
AGTAACGACTTCCCCGCTGTCTCAACCATGAACT-CGGCGAAATTGT vTTACGA-GTA 
CGTAACGACTTCTCAACTGTCTCAACCATAGACT - CGGCGAAATTGCACT ACGA- GT A 
CGT AACGAC TTTCCCACTGTCTCAACCACAGACT-CGGCGAAATTGCATTACGA-GT A 
CGTAACGACCGGAGCGCTGTCTCGGCGAGGGACC -CGGTGAAATTGAACTGGCC - GTG 


























































-AAGAT ~ GCGGACTACC-AACGGCTAGACGGTAAGACCCCGTGCACCTTGACTATAGC 
-AAGAT-GCGGAGTACC-AACGGCTAGACGGTAAGACCCCGTGCACCTTGACTATAGC 
-AAGAT - GCGGAGTACC - AACGGCT AGACGGTAAGACCCCGTGCACCTT AACTAT AGC 
-CAGAT-GCGGGGTACC-cgCGGTTAGACGAAGAGACCCCGTGCACCTTTACTATAGC 
-AAGAT - GC AC ACT ACC - cgCGGTTAGACGGAAAGACCCCATGAACCTTTACTCCAGC 
-AAGAT - GCACAC TTCC - cgCGGTT AGACGGAAAGACCCCATGAACCTTT ACTATAGC
- ATGAT - GC AATCTACC - cgCGGCTAGACGGAAAGACCCCATGAACCTTTA'TGTAGC
- ATGAT - GCAATCTACC - cgCGGCTAGACGGAAAGACCCCATGAACCTTTACTGTAGC
- AAGAT - GCAATCT ACC - cgCTGCTAGACGGAAAGACCCCGTGAACCTTT ACTGT AGC 
-AAGAT-GCAGTGTATC-cgCGGCTAGACGGAAAGACCCCGTGAACCTTTACTGTAGC 
-AAGAT -GCAGTGTACC - cgCGGCTAGACGGAAAGACCCCGTGAACCTTTACTATAGC 
-AAGAT - GCAGTGTACC - cgCGGCAAGACGGAAAGACCCCGTGAACCTTTACTATAGC 
-AAGAT - GCCGNNNACT - cgCATCTGGACGGAAAGACCCTATGCACCTTTACTATAAC 
-AAGAT - GCCGCNT ACC-cgCAACGGGACGGAAAGACCCCGTGCACCTTTACTATAGC 
-AAGAT -GCCGATTACC - cgCAGTGGGACGAAAAGACCCTGTGCACCTTTACT ATAGC 
-AAGAT -GCAGGTTACC -cgCGACAGGACGGAAAGACCCCGTGGAGCTTTACTGC AGC 
-AAGAT-GCAGGTTACC-cgCGACAGGACGGAAAGACCCNGTGGAGCTTTACTGTAGC 
-AAGAT - GCAGGTTACC - cgCGACAGGACGGAAAGACCCCATGGAGCTTT ACTGT ACT 
-AAGAT - GCGGGTTACC - TgCGATAGGACGGAAAGACCCCGTGAACCTTTACTGTAAC 
-AAGAT-GCTCGTTTCG - c gCAGCAGGACGGAAAGACCCCGGG - ACC TTT ACT AT AGT 
-AAGAT -GCTCGTTACG- cgCAGAAGGACGGAAAGACCCCGTG-ACCTTTACT AT AGT 
-AAGAT - GCTCGTTACG - TgCGGCAGGACGAAAAGACCCCGGG - ACCTTCACTACAAC 
-AAGAT - GCTCGTTACG - cgCGGCAGGACGGAAAGACCCCGGG-ACCTTT ACTATAGC
- AAGAT - GCGGCC TACC - c gTGGCAGGACGAAAAGACCCCGTGGAGCTTTACTGCAGC









TT - - - TGCACTGGCATCAGGATTGTGATGTGCAGGATAGGTGGTAGCCTTTGAA- -AC 
TT- - -CGCACTGGCATCAGGATTGTGATGTGCAGGATAGGTGGTAGGCATCGAA- -GC 
TT -— TGCATTGGACTTTGAACCGATCTGTGTAGGATAGGTGGGAGGCTATGAA--AC 
TT- - - TGCATTGGACTGTGAACCGGCCTGTGTAGGATAGGTGGGAGGCGCAGAA- -CT 
TT- - -TGCATTGGACTTTGAAGTCACTTGTGTAGGATAGGTGGGAGGCTTGGAA- -GC 
TT -— TGCACTGGACTTTGAGCCTGCTTGTGTAGGATAGGTGGGAGGCTTTGAA--GC
TT---GACACTGAACATTGAGTCTGTCTGTGTAGGATAGATGGGAGACAGAGAA--GC
TT - —  GACACTGAACATTGAGCCTTGATGTGTAGGATAGGTGGGAGGCTTTGAA- -GT 
CT- --GGCATTGGGCTTGAGCATGATTTGTGTAGAATAGGTGGGAGACTTTGAA- -GC 
TT - —  TACATTGACTTCGGATAACAGATGTGTAGGATAGGTGGGAGGCTGTGAA- - AT 
TT - - - AGTATTGTTCTTGGATAAGTGATGTGTAGGATAGGTGGGAGACTTCGAT- -CC 
CT- - -GATATTGAAGTTTGGTACAGCTTGTAGAGGATAGGTAGGAGCCTTGGAA- -AC 
CT- - -GATATTGAATTTTGGTACAGTTTGTACAGGATAGGCGGGAGCCTTTGAA- -AC 






























































































G C C a - ..... GTtC-CCGTGGAGCC-AA-CC
GCTa.......GT t T - CGGTGGAGCC - GT -CC
GCCa.......GAtT-CGAGGGAGCC-AT-CC
GCCa.......GTCT - CTGTGGAGTC - GT -CC
GCCa.......GTtC-GCGTGGAGCC-AT -CC









GCCa.......GTGG - TTGTGGAGTC - GT -CG

















T - TGAAATACCACCCTGGTGTC - TTTGAGGTTCT - AACCCAGACCCG - 
T-TGAAATACCACCCTGGCATG-CTTGAGGTTCT-AACTCTGGTCCG- 
GGTGAAATACCATTCTGGGAGA-CTTGGTGTTCT - AACCAAATATT - - 
T-TGAAATACCACCCTTTAATG-TTTGATGTTCT-AACGTTGACCCG- 
G- TGAAATACCACCCTGGTTGT - GTTTGAGTCCT - AACTTCGGCGAG - •




T- TGGGATACTACCCTTGACTT - ATGGTTACTCT - AACCCGCTGGCA- •
T- TGAAATACCACCCTTACTTG-ACCCAAGTTCT - AACCGAAT------
T-TGAAATACCACTCTGGTCGT-OCTGGATGTCT-AACCTGGGTCCG- 






































Mito.Triticum.se ------------ ----------------------------------- -— ATCATT
Mi to. Zea.maya ------------------   ATCATT
Mi to. Oenothera, b -------------------------------------------------- -AGAATT
Nolbachia  TTATC
Rhodobacter .caps ---------------- -— --------------------------------TCATC
Rhodobac ter. apha — ------------  —  —  -- -  TTATC
Pseudomonas. ceps ---------------------------------------------------- TGATC




Escherichia .coli ------------— ----- - ----------------------------- TAATC
Chlorobium. limic -------------— — -------------------------- -— TTNATC
Flexibacter. flex -------------- — --------------------------------- CAGAGC
Flavobacterium.o ---------------------------------  CATTG
Bacillus, aubtili ........................................... -........TTATC
Bacillus .anthrac ---------------------------------------------------- TTATC
Lactococcua. lact -------------       TAATC
Leptospira, inter ---------------------------------------------------- GAAAC
Streptomyces. gri ---------------------   TGATC
Micrococcus. lute ------------------   TGATC
Mycobacterium, le ----- — — — — — — — ------------- -TATATC
Frankia.sp. ------------- ---------------------------- -— ----- TGATC
Thermu s . t hermoph --------------------— -----------------------------GGAT-



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TGGTATAAG— CCTGCCTGACTGTGAGA- -CCGA--- CTGGTCGAACAGAGAC-GAA
TGGTATAAG- -CCTGCCTGACTGTGAGA- -CCGA--- CTG- TCGAACAGAGAC - GAA
TGGTATAAG--CCTGCCTGACTGTGAGA--CCGA--- CTGGTCGAACAGAGAC-GAA
TCGCATAAG--CTTGCCTGACTGCGAGG- -CTGA--- CAAGCCAAGCAGAGAC - GAA
TGGCAAAAG— CCTGCCTGACTGCAAGA- -CTGA--- CAAGTCGAGCAGAGAC -GAA
TGGCAGAAG--CCCGCCTGACTGCAAGA--CTGA--- CAAGTCGAGCAGAGAC-GAA
TGGCATAAG— CGT r CTTAACTGCGAGA- -CCGA--- CAAGTCGAGCAGGTGC - GAA
TGGCATAAG--CGTGCTTGAGTGTGAGA--CTGA--- CAGTGCGAACAGGTGC-GAA
TGGCAAAAG--GTAGCTTAACTGCGAGA--CCGA--- CAAGTCGGGCAGGTGC-GAA
AGGCAAAAG - CGCGCTTGACTGCGAGA- -CAGA--- CACGTCGAGCAGGTAC - GAA
TGGTAGAAG- - CCAGCTTAACTGCGAGA- -CAGA--- CGAGTCGAGCAGGTGC - GAA
TGGCATAAG— CCAGCTTGACTGCGAGC- -GTGA--- CGGCGCGAGCAGGTGC -GAA
TGGTACAAG- - TGAGCTTGACTGTGAGA- -CCGA--- CAGGTCGAGCAGGAAC -GAA
TGGCATAAG--GGNCCTTGACTGTGAGA— CCGA--- C/JVGTCGAGCAGGTAC-GAA
TGGCATAAG--GGAGCTTGACTGGGAGA--CTAA--- CAAGTCGATCAGGTAC - GAA
AGGCACAAG- -GGAGCTTGACTGCGAGA— CCTA--- CAAGTCGAGCAGGGAC -GAA
AGGCATAAG--GGAGCTTGACTGGGAGA--CCT A --- CAAGTCGAGNAGGGAC - GAA
AGGTAAAAG- CCAGCTTGACTGCGAGA- -GCTA--- CAACTCGAGCAGGTAG - GAA
AGGCATAAG--GGAGCTTAACTGTGAGA--CAGA--- CAAGTCGAOGAGGTAC - GAA
GTGCACAAG- - GGAGCTTGACTGTGAGA- -CCGA--- CC JGTCGAGCAGGGAC - GAA
GTGCACAAG— GGAGCTTGACTGTGAGA- -GTGG--- CAGCTCGAGCAGGGAC -GAA
ATGGACAAG--GGGGCTTGACTGCGAGA--CCTA--- CACGTCAAGCAGGGAC-GAA
GTGCACAAG- -GGAGCTTGACTGTGAGA- -CAGA--- CATGTCGAGCAGGTGC -GAA
GGGTAGAAG- -GGGGCCTGACTGCGAGG- -CCTG--- CAAGCCGAGCAGGGGC -GAA















































































































CTCAACGGATCAAAGGTACGCCGGGGATAACAGGCTGATGAC - TCCCAAGAG-CTCTT 
CTCAACGGATCAAAGGTACGCCGGGGATAACAGGCTGATGAC - TCCCAAGAG-CTCTT 
CTCAACGGATCAAAGGTACGCCGGGGATAACAGGCTGATGAC-TCCCAAGAG-CTCTT 
CTCAACGGATAAAAGGTACGCCGGGGATAACAGGCTGATGGT - GTTCGAGCG- TTCAT 
CTCAACUGATAAAAGGTACTCTGGGGATAACAGGCTGATGAT - GCCCAAGAG TCCAT 
CTCAACGG-TAAAAGGTACTCTGGGGATAACAGGCTGATGAT - GCCCAAGAG-TCCAT 
CTCAACGGATAAAAGGTACTCTGGGGATAACAGGCTGATACC-GCCCAAGAG- TTCAT 
CTCAACGGATAAA-GGTACTCTGG-GATAACAGGCTGA TACC - GCCCAAGAG - TTCAT 
CTCAACGGATAAAAGGTACTCCGGGGATAACAGGCTGATTCC -GCCCAAGAG- TTCAT 
CTCAACGGATAAAAGGTACTCCGGGGATAACAGGCTGAT ACC - GCCCAAGAG- TTCAT 
CTCAACGGATAAAAGGTACTCTGGGGATAACAGGCTGATACC - GCCCAAGAG- TTCAT 
CTCAACGGATAAAAGGTACTCCGGGGATAACAGGCTGATACC - GCCCAAGAG- TTCAT 
CTC AT AGGAT AAAAGGT ACGCTAGGGATAACAGGC TGATCCC - CGCCGAG AG- TTCAT 
CTCAAAGGAT AAAAGGT ACGNNNNNNAT AACAGGC TGATCTC - CCCCAAGAG - C TCAC 
CTC AAAGGATAAAAGGT ACGCCNNNGAT AACAGGC TGATCTC - CCCC AAGAG - C TCAT 
CTCAACGGATAAAAGCTACCCCGGGGATAACAGGCTTATCTC-CCCCAAGAGCTCCAC 
CTCAACGGATAAAAGCTACCCCGGGGATAACAGGCTTATCTC - CCCCAAGAG- TCCAC 
C i  CAACGGATAAAAGCTACCCTGGGGATAACAGGCTTATCTC -CCCCAAGAG-TTCAC 
CTCAACGGAT AAAAGGT ACTCCGGGGATAACAGGCTGATCGC -GTCCAAGAG- TCCAT 
CTCAACGGATAAAAGGTACCCCOGGGATAACAGGCTGATCTT-CCCCAAGAG-TCCAT 
CTCAACGGAT AAAAGGT ACCTCGGGGATAACAGGCTGATCTT - GCCCAAGAG- TCCAT 
CTCAACGGATAAAAGGTACCCCGGGGATAACAGGCTGATCTT - CCCCAAGAG- TCCAT 
CTCAACGGATAAAAGGTACCCCGGGGATAACAGGCTGATCTT - GCCCAAGAG- TCCAT 
ATCAACGGATAAAAGTTACCCCGGGGATAACAGGCTGATCTC - CCCCGAGCG-TCCAC 





ATCGACGGA - G - TCGTTTGGCACCTCGATGTCGAC - TCATCACATCCTGGGG - TTGAA 
ATCGACGGA - G - TCGTTTGGCACCTCGATGTCGAC - TCATCACATCCTGGGG - TTGAA 
ATCGACGGA-G - TCGTTTGGCACCTCGATGTCGAC - TCATCACATCCTGGGG- TTGAA 




ATCGACGGC - G - GTGTTTGGCACCTCGATGTCGGC - TCATC TCATCC TOGO— CTGT A 
ATCGACGGC - G - GAGTTTGGGACCTCGATGTCGGC - TCATCACATCCTGGGG-CTGTA 
ATCGACGGC -G -GTGTTTGGCACCTCGATGTCGGC - TCATCACATCCTGGGG - CTGAA 
ATCGACGGC - G -GTGTTTGGCACCTCGATGTCGGC - TCATCACATCCTGGGG-CTGAA 
ATCGACGGC-G-GTGTTTGGCACCTCGATGTCGGC-TCATCACATCCTGGGG-CTGAA 
ATCGACGTG-G-GNNTTTGOCACCTCGATGTCGGC-TCATCACATCCTGGGG-CTGGA 





ATCGACGAC - G -CGGTTX0GGACCTCGATGTCGGC - TCGTCGCATCC TGGGG-CTGAA
a t c g a c g g g -a -t g A t t g q c a c c t c g a t g t c g g c -t c g t c g c a t c c t g g g g -c t g g a
ATCGACGGC- - -ATGTTTGC1ACCTCGATGTCGGC-TCGTCGCATCCTGGGG-CTGGA 
ATCGACGGG-A-TGGTTTGGCACCTCGATGTCGGC-TCGTCGCATCCTGGGG-CTGAA 
ATCGACGGC -A-AGGTTTGGCACCTCGATGTCGGC - TCGTCGCATCCTGGGG - CTGGA 
AGCGGCGGG-G-AGCiTTGGCACCTCGATGTCGGC-TCGTCGCATCCTGGGG-CTGAA 





























































GCAG-GTCCCAAG - GGTATGGCTGTTCGCCATTTAAAGAGGTACGTGAGCTGGGTTTA 
GCAG-GTCCCAAG-GGTATGGCTGTTCGCCATTTAAAGAGGTACGTGAGCTGGGTTTA 
GCCG-GTCCCAAG-GGTATGGCTGTTCGCCATTTAAAGAGGTACGTGAGCTGGGTTTA 




GT AG - GTCCCAAG - GGT ATGGCTGTTCGCCATTT AAAGTGGT ACGCGAGCTGGGTTT A 





GTCG-GTC CAAG - GGTTGGGCTGTTCGCC - ATTAAAGCGGCACGCGAGCTGGGTTCA 







































•qnx*•nooooojoxH X *6 * ••oA«oqd*j qg 
j*qt>x*•i|d«o^d«i 
qo»X*•noooooqorx 





XXOO * •xqox**qo*l 




wd#o * ivuovopntfj 
•qdt • wqovqopoqq 
•diD * n^ovqopoqv 
•Xqo»qxo|| 
q•tj»qqou#o•o*XH 






---------------------        3xjttt|**fio*o,|,J#m
----------------------------—.-------------------------------------------------------- qdo«u«qv*n***q&
--------------------------------------------------------------------------------------------- *dt*txqutjj
------------------   --------------------------------------------------------- •x**nxJ#}3tqooAw
--------------------------------------------------------------------------------------------- m%n\••nooooojoxH





--------------------------------------------------------------------------   o*mnxJ#qo«qoA«xi













YX.........................-...................................... ••* ainox^TJX ’ O^XH
K3XO60Z.9SK3XO68^9SK2XO68^9SK2XO68L9SK3XO68i9rK3XO68L •PON
22Z23XX XX XX X XXX00000000006666666666 88888888886LiLLLZ.999
ZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZ7ZZZZZZZZZZZZZZZZZZZZZZZ
LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL
DDOODOOVDOYDOODDYODYBYDDYXOXXOOO-XO:'*- -tOOOOOYDXXDOOYDOY- - OaYOOOWOeYYOOO^YOeWYeOYXOYXOOX-XDXO- dDeeOOYDXXOOOYOOY— 
ODYYOOTOOJYOOOOJYOOYPYPJYXOYXJOO - X0X3- -000YYPYPXA3YPVPPV- - 
D3YVOO^yYeOOOOYOOYOYOOYXOYXOOD-XeXO--XYYYOOYOXXOYYYOYO-- 
DJYYPDVPOOYPOOODVPPYPYPJYXOYXDOD- XOXD-*-X0GWBYDXXXYYYO0X * * DSYYOJYOOJTOOOOJYPeWYOOYXOYXJOD" XOXO"-POOVYPYPXXVXVYPOV- - 
33VYPDYOeXYPOOO3YOenfPYO0¥XOYXDDD-XeXO—XYYPOQYPXXXYOYOOX - - 
30YXXOYPOXYPOOOOYPOYOYPDYXOYXXDO-XOXO—XYPOYPYPXXXYYXOOV- - 


















Mito. Triticum. aa TATGGTGTA-CCGGTTGTTAT........................................ GC
Hi to . Zaa. may a TATGGTGTA-CCGGTTGTTAT........................................ GC
Hi to . Oanothara. b TATGGTGTA-CCGGTTGTTAT..............    GC
Wolbachia ??????????????????????????????????????????????????????????
Rhodobactar. cap# ACTGGTGGA-CCAGTTATCGT----------------------------------------GC
Rhodobactar.apha ACTGGTGGA-CCAGTTGTCGT...................... -.......... ..... GC
Psaudomonas.capa TCTGGTGTA-CCGGTTGTCAC---------------------------------------- GC
Bordatalla .partu TCTGGTGTA-CCGGTTGTCAT........................................ GC
Naissaria .gonorr TCTOGTGTA-CCGGTTGTAAC........................................ GC
Psaudomonas. aaru TCTOGTGTT - CCGGTTGTCAC -.......................................GC
Ruminobactar. any OCTGGTOTA-TGGGTTGTCAT........................................GC
Bacharichia. coll ACTGGTGTT - CGGGTTGTCAT........................................GC
Chlorobium. limic TCTGGTGCA-CCAGTTGTCAC........................................ GC
r laxibactar. flax GCTGGTGTA- TCGGTTGTATT........................................GC




Laptoapira. intar TCTGGTGTA- TCAGTTGTTTC........................................GC
Straptomycaa. gri TCTGGTGTG-CC \GTTGTCCT-------------------  GC
Hicrococcua. luta TCTGGT ATG - TCAGTTGT ACC........................................GC
Mycobactarium.la TCTGGTATA-CCAOTTOTCTC........................... -........... AC
Frankia. a p . TCTGGTOTG-CCAOTTOTTCT..... -................................. GC
Tharmua. tharmoph TCTGGTTTC-CCAGCTOTCCC........................................ TC





Hito . Triticum . aa 
Mito.Zaa.maya 
Mito . Oanothara . b 
tfolbachia 
Rhodobactar . caps 
Rhodobactar . spha 
Psaudomonas . capa 
Bordatalla.partu 
Naiaaaria.gonorr 
Psaudomonas . aaru 
Ruminobactar . amy 
Bacharichia.coli 
Chlorobium . 1imic 
Flaxibactar.flax 
Flavobactarium . o 
Bacillua.aubtili 
Bacillua.anthrac 
Lactococcua . lact 
Laptoapira . intar 
Straptomycas . gri 





r i  _
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p a . . . - . . . . . -
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p a . ^ . . . . . . . .
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H i t o .Triticum.ee 
Hito.Zee.meye 































AACGGACAGGATAAACGCT -GAAGGCATCT - AAGCGTGAAGCC -CCCCTCAAAA- CCA 
ATCGGACAGGATAACCGCT-GAAGGCATCT-AAGCGGGAAGCC-CCCTTCAAAA-CAA 
TTCGGAAGAGATAACCGCT-GAAAGCATCT - AGCGGGAAACT -CGCCTTAAGA- TGA 
TACGGAAGAGATAACCGCT -GAAGGCATCT - AAGCGG-AAACT -CGTCTGAAGA- TTA 
TTCGGAAGAGATAAGCGCT -GAAAGCATCT -AAGCQCGAAACT -CGCCTGAAGA-TGA 
TTCGGAAAAGATAACCGCT -GAAAGCATCT - AAGCGGGAAACT - TGCCTCAAG A- TGA 
TTCGGAATCGATAACCGCT -GAAAGCATCT - AAGCGGGAAGCG - AGCCTT AAGA- TAA 
TGCGGAAGAGATAAGTGCT -GAAAGCATCT -AAGCACGAAACT -TGCCCCGAGA- TGA 
TTTGGT??77????77???7?7?7????7?7????77????7?????7????77???? 
TGCGGAAGAGATAAGTGCT -GAAAGCATCT -AAGTACGAAACT -CGCCCCAAGA- TGA 
TTGGGCAGGGA77777777777777777777777777777777777777777777777 
TGCGGACGGGATAAGTGCT -GAAAGCATCT -AAGC AT GAAGCC -CCCCTCAAGA- TGA 
TGCGGAAGGGATAAGTGCT -GAAAGCATCT -AAGCATGAAGCC -CCCCTCAAGA- TGA 
TAGGGAAGGGATAAGCGCT -GAAAGCATCT - AAGTGCGAAGCC -CACCTCAAGA- TGA 
TTCGGCAGGGATAACCGCT -GAAAGCATAT - AAGTGGG AAACC -CTTCTGAAGA-TAA 
TTCGGAAAGGATAACCGCT -GAAAGCATCT - AAGCGGGAAGCC - TGCTTCGAGA- TGA 
TTCGGGATGGATAACCGCT -GAAAGCATCT - AAGCGGGAAGCC -GGCTTCGAGA- TGA 
TTCGGACAAGATAACCGCT -GAAAGCATCT -AAGCGGGAAACC -TTCTCCAAGA- TCA 
TTCGGAAGGGATAACCGCT -GAAAGCATCT - AAGCGGGAAGCC -TGCTTCGAGA- TGA 
TGCGGAAGGGATAACCGCT -GAAAGCATCT - AAGCGGGAAGCC -CGCCCCAAGA- TGA 
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Amt * Jtqotqouxwnd 
rutt * ttuomopnttd 
jjouofc* vx*+**T*N 
nqxtd* txx*3*P*°8 
vdto * ttuomopntt6 
tqdt * it^DT’qopoqn 
•dto * jmqotqopoqu 
txqotqxon
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•Attu* t#2 *o^XH 
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